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INTRODUCTION 
Mutations are sudden heritable changes in the characteristics of 
an organism. They are the ultimate source of all variability and 
provide the raw material for evolution. Variability caused by induced 
mutations is not essentially different from the variability caused by 
spontaneous mutations during evolution. Mutation is a very valuable 
approach to plant breeding as far as improving the characters, 
changing the basic genotype and shortening the normal life of a 
variety are concerned. 
The idea of inducing mutations and utilizing them for 
improving cultivated plants is more than eighty years old. The 
discovery of mutagenic role of ionizing radiation (Herman Muller, 
1928) and chemical (C. Auerbach and J. M. Robson, 1946) initiated a 
flurry of activities in the field of mutagenesis. Scientists working on 
different facets of mutagenesis, since then, have been able to 
accomplish a significant breakthrough in basic understanding of the 
mechanism of mutagenesis and also its applied value for the benefit of 
mankind. Recent decades have witnessed an intensive work on the 
induction of mutations by irradiation, chemicals and other mutagenic 
agents. The frequency of induced mutations almost doubles those 
occurring naturally and they have been looked upon as a powerful tool 
for the development of new cuUivars. 
The direct use of mutations is a very valuable supplementary 
approach to plant breeding particularly when it is desired to improve 
one or two easily identifiable characters in an otherwise well adapted 
variety. The main advantages are that the basic genotype of a variety 
is only slightly altered (as compared with hybridization of two distinct 
varieties) while the improved characters are added and that the time 
required to breed the improved variety can be shorter than when 
hybridization is used to achieve the same result. 
Several cultivars derived from direct utilization of induced 
mutants have shown that, for example, short straw, earliness and 
resistance to certain diseases can be introduced in otherwise well-
adapted varieties without significantly altering their other attributes 
(Sigurbjomsson and Micke, 1974). 
The rate of induced mutations in developing new and better 
cuhivars has now been well recognized by mutation breeding. 
Techniques are often viewed as only one of the available means to 
create genetic variability both for selection and recombination 
breeding. A number of useful varieties, food crops and ornamentals 
have been developed by making use of mutations. Out of 336 varieties 
that have been developed by induced mutations (Micke, 1986), 223 
mutants were directly released as varieties and 113 mutants were used 
as a parent of crosses that led to the development of varieties. The 
other use of induced mutations which have a great relevance in 
modem plant breeding are reconstruction of plant ideotypes, 
incorporation of one or two desirable attributes in otherwise well 
adapted varieties, upgrading of protein and getting transgressive 
variants coupled with conventional breeding methods (Swaminathan, 
1972). 
The breeding potential of a crop plant is to exploit the existing 
variability through selection or creating variability through 
hybridization or spontaneous mutation. However, in most of the crops 
the genetic variability has been exhausted due to natural selection and 
hence the conventional breeding methods are not much fruitful. 
Mutation breeding technique is the best method to enlarge the 
genetically conditioned variability of a species within a short time and 
when sufficient genetic variability is developed, induced mutations 
can be of value in the rectification of several kinds of defects. Induced 
mutations increase the genetic variability for certain characters so that 
selection is more effective and the possibility of getting desired 
genotypes is considerably enhanced. The enhancement of genetic 
variability is needed so that suitable type of crop plants can be 
developed. 
The most powerful chemical mutagens are found among the 
alkylating agents such as ethyl methane sulphonate (Heslot et ai, 
1959, 1961), ethylene imine (Ehrenberg, Lundqvist and Ahnstrom, 
1958; Ehrenberg, Gustafeson and Lundqvist, 1959), diethyl sulphate 
and ethyl nitroso urea (Rapoport et al, 1966). Chemical mutagens act 
by and large in same way as ionizing radiations. However, they tend 
to bring about both chlorophyll and viable mutations often in higher 
proportions than physical mutagens do, but the properties of mutagen 
that limit their effectiveness and efficiency are solubility, toxicity and 
reactivity. 
Alkylating agents are by far the most extensive and important 
group of mutagenic chemicals for mutation induction in cultivated 
plants. These compounds have one or more reactive alkyl groups, 
which can be transferred to other molecules at positions where the 
electron density is sufficiently high. All these substances react with 
DNA by alkylating the phosphate groups as well as the purine and 
pyrimidine bases. The most frequent event involving bases leads to 
the formation of 7 alkyl-guanine. 
Fenugreek, commonly known as methi, is a well known 
economic herb belonging to tribe trifolieae of family fabaceae. It is 
represented by about 100 species (Willis, 1966), which are mainly 
distributed in the Mediterranean region, Europe, Asia, South Africa 
and Australia. 
Fenugreek is an important, self-pollinated, multipurpose 
(vegetable, condiment, manure and medicinal) cash crop of short 
duration (Fazli and Hardman, 1968; Rathee et al, 1980). The seeds 
are used as a condiment and for flavouring food preparations. They 
may be eaten either raw or cooked. They are a constituent of curry 
powders. In Egypt, ground seeds are mixed with wheat flour for 
making bread. Roasted seeds are used as a substitute for coffee m 
some parts of Africa. In U.S.A, seeds are used in the preparation of 
chutneys and in various spice blends. Young green leaves of plants are 
used as vegetable before pod formation while the entire shoot portion 
is used as green fodder. 
Fenugreek is also important for its medicinal value. The seeds 
are aromatic, carminative, tonic and galactagogue. They are used 
externally in poultices for boils, abscesses and ulcers and internally as 
emollient for inflammation of the intestinal tract. They are also used 
in veterinary medicines and are a constituent of condition powders for 
catties, horses and sheep. The mature seeds are used as a source of 
diosgenin, which is an important ingredient of contraceptive pills. 
The plant is a soil renovator and is used as a green manure in 
U.S.A and U.S.S.R. its root contains nitrogen fixing bacteria i.e. 
Rhizobium leguminosorum and thus increases the reduced fertility of 
soil. The plants possess insect repellent properties. In Punjab, dried 
plants are mixed with stored grains to protect them frx)m ravages of 
insects, especially during rainy season. 
The plants are small herbaceous having racemose inflorescence 
and trifoliate leaves and produce small and yellowish brown seeds 
having somewhat bitter taste with peculiar odour and flavour. 
There are two types of methi: 
1. Ordinary methi or Desi methi, and 
2. Scented methi or Kasuri methi or Marwari methi or Champa 
methi. 
The former consists of young plants of T. foenum-graecum and 
the later consists of the plants of T. corniculata. The two differ in their 
growth habits. The Kasuri methi is initially slow growing and remains 
more or less in a rosette condition during most of the vegetative 
period. The flowers in desi methi are white and the pods are straight 
and 6-7 cm long while Kasuri methi bears bright orange yellow 
flowers and smaller sickle shaped pods. 
New types of both Desi and Kasuri methi have been released by 
I.A.R.I, New Delhi. Those of Desi methi are: 
1. Pusa Early Branching, which matures in 125 days. 
2. Pusa Late Type, E.G. 4911 which matures in 165 days. 
An improved type of Kasuri methi has been released under the 
name Kasuri selection. It gives six cuttings and a yield of 8,960 kg of 
methi per hectare. The Department of Agriculture, Maharashtra has 
also released two improved varieties of Desi methi, viz, No.47 and 
No. 14 which respectively yield 21% and 18% more than the local type 
and are richer in Vitamin C. Solan selection, a good branching type 
with excellent growth and yield and a 70 day type strongly scented 
Kasuri methi, which grows tall and bushy are recommended for 
cuhivation in Himachal Pradesh. In Punjab, methi No.8 has been 
recommended for fodder. 
It is a cold season (Rabi) crop and is fairly tolerant to frost and 
very low temperature. It is best suited to tracts of moderate or low 
rainfall. The crop is sovm in all types of soils, especially on loamy 
soils. 
In spite of several difficulties of mutation breeding, which do 
not exist in conventional plant breeding, cytogeneticists and plant 
breeders are having an optimistic approach towards this recent branch 
of plant breeding. More than 1300 mutant varieties have been 
produced as a resuh of mutagenesis programmes in different countries 
of the world (Micke, 1991). Mutant varieties have been developed in 
cereals, oil seeds, pulses, millets, vegetables, fruit trees, etc., but 
wheat, barley and rice account for about 50% of mutant varieties in all 
the crops. In India a number of crop varieties have been developed 
through mutagenesis. These varieties show an increase in yield, 
resistance to lodging and other disease resistant characters. 
Unlike cereals and pulses, reports on induced mutagenesis in 
fenugreek are not very extensive. The information on relative 
specificity and recovery of mutations of varied magnitude is a pre-
requisite for practical mutation breeding. Keeping this in view, the 
present project has been planned to evaluate the morphocytological 
effects of physical and chemical mutagens in two economically 
important species of Trigonella namely T. foenum-graecum and T. 
corniculata. 
The present work was aimed to: 
a) Choose the potent mutagen and standardize the effective dose 
as well as treatment conditions for realizing high mutation 
frequency. 
b) Study the genotype differences in relative mutagen sensitivity, 
of both the species. 
c) Estimate the induced polygenic variations. 
d) Study the cytological effects of various mutagens. 
e) Evaluate the promising macromutants in advanced 
generations. 
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Review of Literature 
This chapter deals with earlier investigations on fenugreek and 
other related crops with respect to cytology, genetics and mduction of 
mutation. A critical survey of literature indicates that in spite of great 
nutritional and economic importance of fenugreek, a comparatively 
little attention has been paid to genus Trigonella than the other crops. 
A review of literature on various aspects of Trigonella pertaining to 
the programme of research work is given below. 
The idea of inducing mutations and their utilization for 
improving crop plants is not more than ten decades old. Hugo de 
Vries (1901) first suggested the occurrence of sudden and heritable 
changes in Oenothera lamarckiana and proposed the use of radiation 
for induction of mutation. The mutagenic action of X-rays was 
discovered by Muller (1927) in Drosophila, Stadler (1928) in Barley 
and Maize and Goodspeed (1929) in Datura and Nicotiana. Chemical 
mutagenesis for the first time was tried by Schiemann(1912) in 
Aspergillus niger. Auerbach and Robson (1942) showed that nitrogen 
mustards produced mutations as well as chromosomal breaks in 
Drosophila. Ochlkers (1943) reported that urethane produced 
chromosomal breaks in Oenothera lamarckiana. 
Heslot (1959) for the first time demonstrated the mutagenic 
activity of ethyl methane sulphonate (EMS). Rapaport et a/.,(1966) 
discovered Nitroso methyl urea (NMU) which was found to be a very 
strong mutagen. Sodium azide mutagenicity in higher plants was 
discovered by Spence (1965) in barley. Ethyl methane sulphonate and 
methyl nitroso urea resulted in increased chromosomal aberrations 
frequency (Kihlman, 1959; Sideres et al., 1969) whereas seedling 
growth injury was reported by Chaudhary and Kaul (1976). 
The mutagenic action of various physical and chemicrl 
mutagens has been extensively studied in this plant at two levels. 
1. Morphological. 
2. Cytological/Cytogenetical. 
Morphological Studies: 
Mutagenic treatments have been reported to affect germination, 
plant height, yield and chlorophyll content. 
Khan and Hashim (1978) exposed the seeds of two varieties of 
mung bean (G-65 and PS-16) to varying doses of gamma rays ranging 
from 10 to 40 KR. They studied the percentage of germination, shoot 
and root length of seedling, pollen and seed sterility and observed that 
there was stimulatory effect in germination percentage with different 
doses of Y-rays except with 10 and 40 KR in both the varieties. Shoot 
of both the varieties was more radiosensitive than root. Seed fertility 
in the variety G-65 showed slight stimulatory effect at 25, 30 and 35 
KR while the pollen fertility decreased with increasing doses of 
radiation in both the varieties. 
Singh et al, (1978) reported the biological damage and 
morphological mutations in pearl millet inbreds using y-rays and 
EMS. They found EMS to be more effective than y- rays in reducing 
germination, seedling height, seedling survival and pollen fertility and 
recovered albina, chlorina, xantha and viridis mutants in M2. 
Dnyansagar and Tarar (1979) observed stimulation in seedling 
growth in case of lower exposures of y-rays and the height of plant 
was more than that of control in Turnera ulmifolia. Few plants 
showed more branching and bifurcation of stem in first generation. 
They obtained two plants in 70 KR in which leaves on one branch of 
bifurcated stem were normal whereas those in other branch varied in 
size and shape showing heteromorphic character in respect of leaves. 
Katyayani et al, (1980) reported the mutagenic effects of 
maleic hydrazide (MH) and ethyl methane sulphonate (EMS) on 
germinating seeds of Trigonella foenum-graecum and observed 
promotion in seedling growth at lower concentrations of both 
chemicals. Meiotic analysis revealed cytological abnormalities such as 
formation of bridges, fiagments and binucleate to tetra-nucleate cells. 
Laxmi and Gupta (1983) studied the response of different 
concentrations of EMS on various quantitative characters in M2 
generation. A significant gradual decrease in plant height, number of 
branches/plant, number of pods/plant, number of grains/pod, pod 
length and grain yield per plant was noted with an increase in EMS 
concentrations. They isolated various mutants such as abnormal leaf 
type, changed seed coat colour type, dwarf type and early flowering 
type in M3 generation. 
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Laxmi et a/., (1983) isolated a green seed coat colour mutant in 
Trigonella foenum-graecum following treatment with 0.06% MMS. 
The mutant differed from control in seed coat colour and in some 
cytomorphological, palynological and biochemical characters and was 
found to be superior to control in herbage, seed and crude oil yield. 
Anis and Aminuddin (1985) analysed the diosgenin content in 
seeds of diploid and autoploid plants. Tetraploid plants exhibited 
luxuriant growth with slightly lower diosgenin content(0.60%) in the 
seeds than in the normal plants (0.68%). 
Jain and Agarwal (1987) treated the seeds of Trigonella 
corniculata and Trigonella foenum-graecum with different 
concentrations of EMS, MMS and NaNa separately to study the effect 
on the level of ascorbic acid . A decrease in percent germination was 
observed in treated samples but an increase in ascorbic acid content 
was recorded at low concentrations followed by a continuous decrease 
in its level with higher concentrations of used mutagens in both the 
plant species. 
Singh (1987) studied the effect of presoakmg and various EMS 
concentrations in diploid and autotetraploid fenugreek on different 
parameters of Mi generation viz. germination survival, plant height, 
branches /plant, pollen fertility, pods/plant, pod length and seeds /pod 
in both dry and presoaked sets. The effect of mutagen on various 
parameters increased with an increase in dose in both 2x and 4x. 
Tetraploid was resistant than diploid for pollen fertility, pod length 
and seeds/pod. Presoaking increased the effect of mutagen in both 2x 
and 4x. 
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Vandana and Dubey (1988) treated the seeds of Vicia faba L 
with different concentrations of EMS and DES and found that 
germination, seedling growth , pollen fertility, time to maturity and 
survival were adversely affected by both the mutagens . Plant height, 
branching, number of leaves, pods and seeds as well as yield/plant 
showed varying responses to different concentrations of mutagen. 
However, DES at all doses and EMS only at the highest dose had 
adversely affected these traits whereas the lower dose of EMS had 
either no effect or a slight promoting effect. 
Datta and Laximi (1992) analysed five EMS induced mutants of 
fenugreek. The mutants were different from the parental strain in their 
leaf characters, stature, flowering behaviour, pollen characters, yield 
and seed coat colour. Mutant 1 and 2 arose after 0.3% EMS treatment 
and showed modification in leaf characters, mutant 3 was 
characterized by :s dwarfriess and early flowering behaviour, mutant 
4 showed reduced plant height, increased branching and late flowering 
and mutant 5 by its smaller chocolate coloured seeds. The mutants 
were of phylogenetic and economic importance. 
Edwin and Reddy (1993) subjected three hexaploid triticaies, 
namely Almos, Cananea and Towan to y-rays, EMS and their 
combination (y-rays + EMS) treatments. Reduction in germination, 
survival of seedling and height of seedlings was recorded. Reduction 
was significant in combined and in EMS treatments. An mcrease in 
chlorophyll variants, seedling injury, pollen sterility, stomatal 
frequency and abnormal stomata were noticed in almost all mutagenic 
treatments. 
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Kumar et al, (1993) treated the seeds of Viciafaba with single 
and combined applications of 0.75% DES and 10 KR y-rays. They 
recorded reduced germination, seedling growth, plant height, number 
of branches, number of pods, number of seeds/pod, test weight, 
survival percentage and seed yield in the mutagenic treatments in 
addition to increased pollen sterility and delayed maturity. 
Application of y-rays both singly and in combination with DES 
induced more severe effects than application of DES alone. 
Jain and Agarwal (1993) studied the changes in morphological 
characters due to different concentrations of EMS and MMS in 
Trigonella foenum-graecum and observed a gradual decrease in 
seedling length, plant height, intemodal length, number of nodes, 
flowers and pods/plant, number of seeds/pod and weight of 100 seeds 
in Ml and M2 generations. They also isolated a number of 
morphologically different plants such as abnormal leaf type, dwarf 
type, early flowering, double flowers, and double pods. 
Mahna et al., (1994) studied the effect of alkylating agents and 
gamma rays on the diosgenin production in induced mutants of 
Trigonella corniculata. Significant increase in diosgenin was 
observed in tall heterophyllous leaves and irregular mutants while 
significant decrease in its level was recorded in Virina xanthescens 
mutants. Little variation in diosgenin content was recorded in dwarf 
excessively branched, unifoliate, high nodulating mutants. There is a 
possibility to increase diosgenin level in Trigonella plants through 
induced mutagenesis. 
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Cvtological Studies: 
Since most of the mutagens exert their effect at cellular level, 
the cytogenetic analysis has become one of the most important assays 
to evaluate mutagenicity of mutagens. 
Raghuvanshi and Singh (1974) irradiated seeds of Trigonella 
foenum-graecum with gamma rays at 10, 20, 30, 40, 50 and 60 KR 
and investigated the germination percentage, rate of growth, pollen 
fertility and seed setting in Mj generation. Chromosomal aberrations 
and chromosomal mosacism were noted at 40 KR. Chromosomal 
abnormalities like univalents, fragments and trivalents, quadrivalents, 
hexavalents, laggards and chromatin bridge along with fragments 
were observed. 
Raghuvanshi and Singh (1976) studied the effect of y-rays on 
growth and karyokinetic activity in Trigonella foenum-graecum by 
exposing the seeds to 10, 30 and 60 KR.Germination was observed 
first in 60 KR followed by 30 KR while in 10 KR and control, 
germination was simultaneous. There was initial stimulating effect of 
higher doses on root growth and division frequency but after few days 
both these were negatively correlated with dose. The frequency of 
abnormal cells increased with dose .At 60 KR, there was no growth 
beyond two cotyledonary stage due to adverse effect on cell nuclei in 
growing region. Differential response of roots and shoots to radiation 
was also discussed. 
Nerkar (1977) reported the relative effects of y-rays, EMS and 
NMU on meiosis and on pollen and seed fertility in Mi. Radiations 
were more efficient in inducing meiotic abnormalities than chemical 
mutagens. However, chemical mutagens induced greater pollen and 
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seed sterility than radiations. A dose dependent increase in chiasma 
frequency was observed in physical as well as chemical mutagenic 
treatments. 
Lai (1978) observed cytological aberrations in pollen mother 
cells of Ml plants raised from seeds treated with gamma rays, DES , 
EI and MH to assess the comparative effect on types and frequencies 
of chromosome aberrations in two inbred varieties, Tift-23 B and 
BIL-3B of Pennisetum typhoides. The aberrations comprised mostly 
of chromosome breaks, pseudo-isochromosome rings, unequal 
distribution, precocious separation, chromatin bridges with or without 
fragments, laggards and stickiness etc. y^^ys in BIL-3B and MH in 
Tift-23B induced highest frequency of abnormalities at anaphase and 
EI the least in both varieties. 
Tarar and Dnyansagar (1979) found that EMS and y-rays 
induced sterility in Turnera ulmifolia. Pollen sterility was increased 
with an increase in concentrations of EMS and y-rays. 
Lai and Srinivasachar (1979) studied the chiasma frequency of 
Ml plants raised from seeds of two inbred varieties, BIL-3B and Tift-
23B of pearl millet treated at their LD-50 dosages with y-rays, DES, 
EI and MH. They observed a reduction in chiasma frequency in all the 
mutagenic treatments as compared to their respective controls. The 
chemical mutagens caused a greater reduction in the frequency of 
chiasmata than y-rays in both the varieties. 
Laxmi and Gupta (1982) analysed induced chromosomal 
aberrations in fenugreek and treated the seeds with different doses of 
y-rays, EMS and MMS. Both physical and chemical mutagens 
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reduced the mitotic activity and induced chromosomal anomalies such 
as micronuclei, stickiness or clumping, precocious movement, 
fragments, bridges, delayed separation and laggards. Frequency of 
cells showing chromosomal anomalies was minimum at the lowest 
dose and maximum at the highest dose in all the three mutagens used. 
Gamma rays induced relatively higher frequency of chromosomal 
aberrations followed by EMS and MMS respectively. 
Jayabalan and Rao (1987) studied the effect of y-rays, EMS and 
NMU on chiasma frequency in two cuhivars of Lycopersicon 
esculentum Mill, namely C0.2 and Pusa ruby. In all the treatments, 
the chiasma frequency was reduced as compared to their respective 
controls. In var C0.2 y-rays caused a greater reduction in chiasma 
frequency than NMU and EMS. Alkylating agents induced more 
reduction in Pusa ruby than in C0.2. 
Mishra and Raghuvanshi (1988) studied the cytogenetic effect 
of y-rays on stored seeds of Trigonella foenum-graecum. This 
treatment accelerated the mitosis and decreased chromosomal 
aberrations in both 2n and 4n plants. Chromosomal changes in the 
form of fragments, strays, laggards and bridges were observed. 
Beg and Khan (1989) studied the effect of EMS and y-rays in 
Vigna radiata. Chromosomal aberrations such as univalents, 
trivalents, multivalents, non-orientation of chromosomes, clumping, 
laggards and micronuclei were observed at various dose treatments. 
Pollen fertility decreased with an increase in dose of mutagen. 
Malaviya and Shukla (1990) treated the seeds of lentil var. L 
3991 and WYR 2327 with 40, 50, 60 and 70 KR of y-rays and of var. 
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Pant L 639 with 0.4% and 0.6% EMS. Reduction in chiasmata 
frequency per cell was noted. Some of the plants in mutant population 
of 40KR and 50KR of y-rays were found to be mixoploids. 
Reddy ef a/., (1991) studied the effect of y-rays, EMS, SA and 
their combinations on meiotic behaviour in one cultivar each of barley 
(Vijay), hexaploid wheat (HD2329) and tetraploid wheat (Jairaj). 
Meiotic abnormalities such as quadrivalents, univalents, laggards, 
bridges, fragments and micronuclei were increased in mutagenic 
treatments. Abnormalities were high in combined treatments. Gamma 
rays either alone or in combination with EMS or SA exhibited more 
abnormalities. They found hexaploid wheat to be slightly resistant to 
mutagens compared to tetraploid wheat. 
Zeerak (1992) studied the relative effects of treatments, 
individual and combined of y- rays and EMS on meiosis and pollen 
and seed fertility in Mi generation of Lycopersicon esculentum var. 
cerasiforme. A dose dependent increase in meiotic irregularities and 
sterility was observed with all the treatments. However, combined 
treatments followed by EMS treatments proved more efficient. A dose 
dependant increase in chiasma frequency was observed in almost all 
the single and combined treatments. 
Reddy and Annadurai (1992) analyzed the cytological effect of 
y-rays, EMS, SA and theu- combinations in lentil var. PL-639. The 
mean values of quadrivalents, rod bivalents, univalents , 
fragments/bridges, other abnormal cells and pollen sterility were 
increased in mutagenic treated population , while the chiasma 
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frequency was decreased . Combined treatments showed additive 
effect. 
Reddy et al, (1992) reported the meiotic abnormalities in lentil 
{Lens culinaris Medik.) induced by y-rays, EMS, SA and their 
combination treatments. The aberrations recorded in Mj generation 
were quadrivalents, trivalents, ring and rod bivalents, unoriented 
chromosomes, bridges/fragments , micronuclei , pollen sterility and 
number of seeds per plant. Meiotic abnormalities increased with dose, 
duration and concentration of mutagens. Combined treatments 
exhibited higher abnormalities. 
Anis and Wani (1997) studied the morphological and 
cytological effect of caffeine in Mi generation of Trigonella foenum-
graecum. The treated populations showed meiotic abnormalities such 
as univalents, laggards, bridges, non- disjunction, stickiness, 
cytomixis and precocious movement of chromosomes. These 
anomalies were found to increase with increasing concentrations of 
caffeine. 
Anis and Sharma (1997) studied the chiasma frequency per 
bivalent and per pollen mother cell in Mi plants raised from the seeds 
of Capsicum annum treated with EMS, MMS and SA. Reduction in 
chiasma frequency was noticed in all the mutagenic treatments 
compared to their respective control. EMS caused a greater reduction 
in chiasma frequency than MMS and SA. Chromosomal aberrations 
like clumping and stickiness among bivalents, multivalents, 
univalents, fragments, irregular groupings of chromosomes and 
laggards were encountered. 
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Kumar and Dubey (1998) studied the effect of y-rays, EMS and 
DES on meiosis, pollen and seed sterility and survival percentage in 
Ml generation of Lathyrus sativus. High frequency of translocations 
leading to multivalent associations involving varying number of 
chromosomes were induced in all the treatments. There was an 
increase in meiotic abnormalities with an increase in radiation dose 
individually as well as in combination with a chemical mutagen. 
Highest gamma dose individually proved to be most effective i,i 
inducing meiotic abnormalities. However, this dose combined with 
DES induced greater p<rften and seed sterility and lower survival 
percentage. 
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MATERIALS AND METHODS 
3.1. Materials: 
3.1.1. Seeds: 
The certified and healthy seeds of following species of 
fenugreek procured from Government Agricultural Farm, Aligarh 
were used in the present study. 
(i) Trigone!la foenum-graecum (Desi methi). 
(ii) Trigonella corniculata (Kasuri methi). 
3.1.2. Mutagens; 
Following mutagens were used: 
(i) Gamma rays (y - rays), 
(ii) Ethylmethane sulphonate (EMS), 
(iii) Y - rays + EMS. 
3.1.2.1. Gamma radiation: 
Gamma rays are non-particulate electromagnetic radiations 
similar to X-rays but they have a shorter wavelength and therefore, 
possess more energy per photon than X-rays. They are obtained from 
radioisotopes and nuclear reactions. They are dangerous, can penetrate 
many cms. deep into the tissue and requires very heavy shielding, e.g. 
inches of lead or several feet of concrete. 
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Parameters 
Half life 
Energy 
Specific activity 
Shielding (TVL) 
Chesnical form 
p-emission 
Mode of production 
Decay product 
3.1.2.2. Ethyl meth 
«to 
5.3 a 
Y, = 1.33MeV 
Y2=1.17MeV 
l-400Ci/g 
~ 5cm Pb. 
Metal 
0.31 MeV (100%) 
^^Co27(n,y)^^Co27 
'' Ni.g 
'''CsC''E2.) 
30 a 
y,= 0.66 MeV 
1-25 Ci/g 
~ 2 cm Pb 
Chloride or 
Sulphate 
0.51 MeV (92%) 
1.18 MeV (8%) 
Chemically 
separated 
fission product. 
'"Base 
ane sulphonate (EMS): 
EMS is the most powerful monoflmctional chemical 
mutagen found among the alkylating agents (Heslot et al., 1959, 
1961). Its properties are as follows: 
1. Nature 
2. Density 
3. Solubility in water 
4. Boiling point 
5. Molecular weight 
Colourless liquid. 
1.203g/ml. 
ca. 8% 
85-86°C/10mm Hg. 
124 
Its half-life is about 93 h at 20^C, 26 h at 
3 0 V , 10.4 h at 37'C and 7.92 h at 40Y. Its structural 
formula is: 
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s 
II 
CH3 S O C2H5 
o 
3.2. Methods: 
3.2.1. Irradiation of seeds: 
The dry seeds of both the Thgonella species (about 150-
200) for each treatment were irradiated with gamma rays from ^Co 
source at 10, 20 and 30KR doses at National Botanical Research 
Institute (NBRI), Lucknow. 
3.2.2. Presoaking of seeds: 
About 350 seeds of uniform size were presoaked in double 
distilled water for 4 hrs. at room temperature in order to activate the 
embryo, 
3.2.3. Preparation of stock solution; 
1% stock solution of EMS was prepared by dissolving 1ml 
of EMS in 99ml Buffer (pH=7.0). Phosphate buffer was prepared by 
dissolving one buffer tablet of pH=7.0 in 100 ml of double distilled 
water. 
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3.2.4. Preparation of different concentrations; 
The different concentrations of EMS i.e. 0.1%, 0.2% and 
0.3% were prepared from the stock solution by using the formula 
S,V,=S2V2 
where, 
Si= Strength of stock solution 
Vi= Volume of stock solution 
S2= Strength of desired solution 
V2= Volume of desired solution 
3.2.5. Seed treatment with mutagens: 
The seeds were subjected to treatment with various 
concentrations of EMS for 8 hrs. Controls were maintained by treating 
the seeds with phosphate buffer. 
3.2.6. Sowing of treated seeds: 
After the treatment with different concentrations of mutagen, 
the seeds were washed thoroughly with tap water to remove the 
mutagen from the surface of seeds. Then 20 seeds were sown in 
petriplates lined with moist cotton and 50 seeds were sown in earthen 
pots containing well-manured soil for each concentration as well as 
for control. 
The following treatments were used: 
Mutagens Doses (KR)/ Concentrations(%) 
1. Gamma rays 10,20 and 30 (KR) 
2. EMS 0.1, 0.2 and 0.3 (%) 
3. Gamma rays + EMS 10 KR + 0.2 % and20 KR + 0.2 % 
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3.3. Observations recorded in Mi generation: 
A detailed study of the effects of different mutagenic 
treatments was done using the following parameters: 
3.3.1. Seed germination: 
The data on germination and survivability were recorded from 
both petriplates as well as pots. In petriplates, the seed germination 
started on the second day of sowing whereas in field experiment, 
germination started on fifth day after sowing. The readings were 
recorded daily till the maximum germination was attained. The 
percentage of germination was determined by the following formula: 
Germination (%) = No. of seeds germinated x 100 
No. of seeds sown 
The delaying effect of mutagen was recorded on the basis of 
days taken for germination in treated populations as compared to 
control. 
3.3.2. Seedling Morphology: 
Root length and shoot length of 8 days old seedling were 
recorded from treated as well as control populations from petriplates. 
3.3.3. Plant height: 
The height of plants was recorded from the point above the 
ground to the tip of the main axis at maturity. 
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3.3.4. Number of branches: 
The numbers of branches coming out of the plant were 
counted in all the treatments along with control. 
3.3.5. Number of nodes: 
The total numbers of nodes on the main stem were recorded. 
3.3.6. Number of pods per plant: 
The number of pods borne on the whole plant were counted 
at maturity. 
3.3.7. Length of pods: 
The length of pods was measured from randomly selected 30 
pods from each concentration as well as control. 
3.3.8. Number of seeds per pod; 
The numbers of seeds were counted from 30 randomly 
selected pods. 
3.3.9. 1000 seeds weight: 
The weight of 1000 seeds from each treated as well as 
control populations was taken and compared. 
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3.4. Cvtological Studies: 
3.4.1. Fixation of flower buds: 
The young flower buds of proper size were collected carefully 
and fixed in freshly prepared acetic alcohol (1 Glacial acetic acid +3 
absolute alcohol) with a few crystals of FeCb for 24 hours. Thereafter, 
buds were washed with 70% alcohol and preserved into it for further 
study. 
3.4.2. Preparation of slide: 
Anthers were squashed in a drop of 2% acetocarmine. Slides 
were made permanent using NBA series (Bhaduri and Ghosh, 1954) 
mounted in Canada balsam and dried in incubator at 45°C for 3-5 
days. Cytological observations were taken from temporary as well as 
from permanent slides. 
3.4.3. Chiasma frequency: 
The number of chiasmata per cell and per bivalent was 
estimated m treated as well as control plants by scoring 50 PMCs at 
random at metaphase I. Chiasma frequency was calculated as: 
Chiasma frequency per cell = Total no. of chiasmata 
Total no. of cells 
Chiasma frequency per bivalent = Total no. of chiasmata per cell 
Total no. of bivalents 
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3.4.4. Meiotic abnormalities: 
The pollen mother cells were analysed from diakmesis to 
telophase II stages for the study of meiotic anomalies such as 
multivalents, univalents, stickiness, unequal division, bridges with or 
without fragments, laggards, precocious separation, disoriented 
chromosomes and multinucleate pollen mother cells, 
3.4.5. Pollen fertility: 
The pollen fertility was estimated from fresh pollen grains 
taken on slides in a drop of 1% acetocarmine. Fully stained pollen 
grains with smooth and regular outline were considered as fertile 
while unstained, empty, shrunken and deshaped pollen grains were 
counted as sterile. The percentage of pollen fertility in each 
concentration was calculated by using the formula: 
Pollen fertility (%) = No. of fertile pollen grains x lOO 
Total no. of pollen grains 
3.2.5. Statistical Analysis: 
The data recorded for different characters in Mi generation 
from different treatments together with control were subjected to 
statistical analysis with a view to find out the extent of individual and 
comparative effects of different mutagens. 
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3.5.1. Mean (X); 
It is a measure of central tendency of distribution and is 
defined as the sum of all individual observations divided by the total 
number of observations. Thus, 
X= ( xi + xi + Xj + + x„ ) 
_ n 
or, X = Zx 
n 
where. 
Xi, X2,...., Xn = observations 
n = total number of observations 
3.5.2. Standard deviation: 
It is the measure of variability of dispersion which is the 
positive square root of the mean of squares of deviations of all the 
individual observations from their means. Standard deviation for 
sample is calculated as: 
(XrX)^ + (x?-X)^ (X,-}C)^ 
^^ ' ^ =^/ (n-l) 
or, s= V Z (X -X 2 
where, 
n - l 
X = mean of observations 
Xi, X2,...,Xn = individual observations 
n = number of observations 
2tJ 
3.5.3. Standard error: 
Standard deviation computed for sample mean is 
standard error of mean. It measures the dispersal of sample mean 
around population mean. It is expressed in + and is calculated as: 
S.E= S ^ 
Vn 
where, 
S.D = Standard deviation 
n = number of observation 
3.5.4. Coefficient of Variation: 
It measures the relative magnitude of variations present 
in observations relative to the magnitude of their arithmetic mean. It is 
calculated as : 
C.V(%) = S.D X 100 
X 
where. 
S.D = standard deviation of a sample 
X = arithmetic mean 
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Observations 
In the present work, the effect of mutagens (both 
physical and chemical as well as their combination 
treatments) have been studied in Trigonella foenum-
graecum and Trigonella corniculata. The various 
parameters which have been taken into consideration are 
seed germination, seedling growth and other 
quantitative and cytological characters in Mi generation. 
Variabilities induced by these mutagens with respect to 
different characters were analysed statistically to assess 
the comparative effect of different mutagenic agents. 
4.1 Seed germination: 
The percentage of seed germination in control as well as 
treated populations of Trigonella foenum-graecum and Trigonella 
corniculata was determined from the experiments conducted in 
petriplates and in the field. The percentage of inhibition in 
germination was determined. 
In T foenum-graecum, it was found that the germination of 
treated seeds was delayed and the increasing concentrations of 
3U 
mutagen had decreasing effect on seed germination. The seeds 
treated with 0.1% EMS showed 100% germination similar to control 
while the lowest percentage of seed germination (76%) was noticed 
inSOKRy-rays (Table-1). 
In T. corniculata, it was found that the seeds treated with 10 
KR y-rays showed 92% germination similar to control while the 
minimum germination 64% was observed in 0.3%) EMS (Table -1). 
In field the treated population of T. foenum-graecum showed 
maximum germination upto 80%) in 0.1 %o EMS while its lowest 
value was recorded as 60%o at 30 KR Y-rays.(Table-5) 
In T. corniculata L. the highest percentage of seed germination 
was observed in 0.1%o EMS and 10 KR y-rays (82%)) as compared to 
90%) in control whereas the lowest percentage of seed germination 
(60%) was observed at 30 KR y-rays (Table-5) 
4.2 Seedling growth: 
The effect of different concentrations of mutagen on seedling 
growth was recorded after seven days of germination and it was 
found that it decreased gradually with increasmg concentrations of 
mutagens. 
4.2.1.Seedling growth in T. foenum-eraecum: 
4.2.1.1 Root length: 
The root length of control as well as treated populations were 
measured and statistically analysed (Table-2). The data indicated that 
root length in control is 2.22 cm. The maximum root length (2.97 
cm) was observed in 0.1%) EMS followed by 2.89 cm in 20KR + 
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0.2% EMS while the minimum root length (2.00 cm) was observed 
in 0.3% EMS. It was found that lower doses of mutagen enhanced 
the root length. 
4.2.1.2 Shoot length: 
The shoot length of control as well as treated populations were 
measured and statistically analysed (Table-3). The mean value of 
shoot length in control was 3.63cm. The maximum shoot length 
(3.88cm) was observed m lOKR y-rays followed by 3.82 cm in 
0.1%EMS and 3.83 cm in 20KR y-rays. The lower concentrations in 
both EMS and y-rays treated population enhanced the shoot length. 
4.2.1.3 Seedling height; 
The effect of various concentrations of mutagen on seedling 
growth was studied and the data was statistically analysed (Table-4). 
It was observed that the total length of seedling was maximum (6.78 
cm) in population treated with 0.1% EMS followed by 6.20 cm in 20 
KR + 0.2% EMS and 6.12 cm in 10 KR y-rays while in control it 
was 5.87 cm. The minimum seedling height (5,12 cm) was recorded 
in 0.3% EMS. It was observed that lower concentrations 0.1% EMS 
and 10 KR y-rays and combination treatment 20 KR -i- 0.2 % EMS 
enhanced the seedling height in comparison to control. 
4.2.2. Seedling growth in T. corniculata : 
4.2.2.1 Root length: 
The mean value of root length in control was 1.58 cm. The 
maximum root length (1.54 cm) was observed in 0.1% EMS as well 
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as in 10 KR and 20 KR + 0.2% EMS while the minimum root length 
(1.00 cm) was observed in 10 KR + 0.2% EMS (Table-2).The data 
showed that there was a gradual reduction in root length with 
increase in dose as compared to control. 
4.2.2.2 Shoot length; 
The mean value of shoot length in control was 64.8 cm. The 
maximum shoot length (66.4 cm) was found in population treated 
with 10 KR y-rays while minimum shoot length (56.1 cm) was found 
in population treated with 20 KR + 0.2% EMS (Table-3). There was 
a gradual decrease in shoot length with increasing concentrations of 
EMS and y-rays. 
4.2.2.3 Seedling height: 
It was found that the total seedling height (root + shoot) was 
maximum (4.86cm) in 10 KR y-rays while minimum (3.99cm) in 
combination of 10 KR + 0.2% EMS. In control, the value was 
recorded to be 4.82cm. (Table-4). The decreasing seedling growth 
was observed with increasing concentrations of EMS and y-rays. 
However, in 10 KR y-rays, seedling height was enhanced slightly as 
compared to control. 
4.3 Morphological Studies; 
The mutagenic effect of various treatments was smdied on 
important qualitative and quantitative characters of T. foenum-
graecum and T. corniculata to assess the extent of induced 
variability in Mi generation. 
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4J.1 Plant height: 
.In T. foenum-graecum, the mean value of plant height in 
control was 47.10 cm. The maximum height (49.2cm) was observed 
at 10 KR of Y-rays followed by 48.15cm in 0.1 and 0.2% EMS and 
47.75cm at 20KR+0.2%EMS treatment while the minimum plant 
height (42.6cm) was observed at 30 KR of y-rays. (Table-6). It 
appears that plant height was increased at lower concentrations upto 
0.2% of EMS and then showed a decreasing trend. 
In T.corniculata, the maximum plant height (40.80cm) was 
observed at 20KR + 0.2%EMS combined treatment and minimum 
(34.40cm) at 30 KR of y-rays. In control the maximum height 
recorded was 36.90cm. (Table-6). However, at lower concentrations 
i.e. 0.1% EMS and lOKR gamma rays, enhanced effect in plant 
height as compared to control was noticed. 
4J.2 Number of nodes: 
In T.foerjum-graecum, the mean value of number of nodes 
recorded was 13.05. In treated plants, maximum number of nodes 
were found to be 13.85 at 10 KR of y-rays while its minimum 
number (11.80) was noticed in 0.3% EMS. (Tcible-7). The lower 
doses of y-rays as well as EMS concentrations and combined doses 
lOKR and 20KR with 0.2% EMS showed enhanced number of nodes 
per plant. 
In T.corniculata, the mean value of number of nodes recorded 
was 13.05. Its maximum value (17.00) was recorded at 
20KR+0.2%EMS and minimum 11.50 in 0.2%EMS and 30KR of y-
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rays.(Table-7). The lower doses of y-rays (lOKR) and both the 
combination treatments enhanced the number of nodes per plant. 
4.3.3 Number of branches per plant: 
In T. foenum-graecum, the maximum number of 
branches (1.75) were recorded in 0.2%EMS while the 
minimum number (1.20) was found in 10KR+0.2%EMS 
treatment. EMS treatment increased the number of 
branches upto 0.3% as compared to control while showed 
1.40 value of numbei of branches. (Table-8). The 
number was enhanced at lower doses of y-rays but 
decreased at 30KR onwards in combined treatments. 
In T. corniculata, the maximum number of branches (6.35) 
were found at lOKR of y-rays followed by (5.8) in 20 KR y-rays 
while the minimum number of branches were 5.0 in 
20KR+0.2%EMS treatment. The mean value of number of branches 
in control was 5.7 (Table-8). In EMS treatment the minimum 
number of branches (5.25) were found at 0.2% EMS. 
4.3.4 Number of pods per plant: 
In T. foenum-graecum, the mean value of number of 
pods/plant in control was recorded as 11.90. The 
maximum number of pods (12.75) were observed in 
0.1%EMS followed by 12.35 in lOKR y-rays while the 
minimum number of pods (9.3) were found in 0.3%EMS 
treatment (Table-9). In control only 2 pods are produced 
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at single node but in 30 KR y-rays few plants were there 
having a cluster of 4 pods at single node (Plate-3,Fig. 1). 
In T. corniculata, the mean value of number of pods/plant in 
control was found to be 268.10. The maximum number of pods 
(268.85) were recorded at lOKR gamma rays while the minimum 
number of pods (243.40) were recorded at 0.3% EMS treatment 
(Table-9). 
4.3.5 Length of pods : 
In T. foenum-graecum, the mean value of pod length in 
control was 11.53 cm. The maximum pod length (11.73 cm) was 
found in 0.1% concentration of EMS and minimum value (8.50 cm) 
was noticed in 10 KR + 0.2% EMS treatment.(Table-lO). In plants 
treated with gamma rays, length of pods decreased with increasing 
doses. The plants treated with EMS showed some stimulatory effect 
at lower concentration. 
In T. corniculata, the mean value of length of pods in control 
was 2.13 cm. The maximum pod length (2.18 cm) was observed in 
10 KR y-rays followed by 2.17 cm in 0.1% EMS while the minimum 
pod length (1.72 cm) was noticed in 0.3% EMS. (Table-10). The 
lower concentrations of both EMS (0.1%) and y-rays (10 KR) 
increased the pod length while in combination treatments, pod length 
was decreased considerably as compared to control. 
4.3.6 Number of seeds per pod; 
.In T.foenum-graecum, the mean value of number of 
seeds/pods in control was 15.53. The maximum number of seeds 
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(15.70) were found in 0.1%EMS whereas the minimum number 
(10.3) were recorded in 20 KR+0.2% EMS. (Table-11). The lower 
concentration of EMS (0.1%) showed enhancing effect whereas y-
rays showed a decreasing effect on number of seeds per pod with 
increasing dose. In 20 KR+0.2%EMS concentration the size of seeds 
was also reduced and large number of abortive seeds were produced. 
In T. corniculata, the mean value of number of seeds/pod was 
7.16 in control. The maximum number of seeds (7.93) were 
produced in 0.1%EMS followed by (7.23) in lOKR of y-rays while 
the minimum number of seeds (4.53) were produced in 
20KR+0.2%EMS. (Table-11). The lower concentrations of both 
EMS and gamma rays enhanced the number of seeds/pod as 
compared to control while in combination treatments the number of 
seeds was reduced cc isiderably and large number of abortive seeds 
were produced. 
4.3.7 Test weight: 
The weight of 1000 seeds was recorded in control as well as in 
treated populations of both species. It showed a decreasing trend 
with an increase in concentrations of mutagens. In combination 
treatments, same trend has been observed., 
In T. foenum-graecum, the test weight (1000 seeds) in control 
was found to be 10.67g, while in treated populations it ranged 
between (10.63g ) in lOKR y-rays and (8.43g) in 20KR +0.2% 
EMS treatment. (Table-14). 
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In T. corniculata, the weight of 1000 seeds was found to be 
1.61g in control while in treated populations it ranged between 1.59g 
in 0.1%EMS and 1.32g in 20KR-1- 0.2%EMS treatment (Table-14). 
4.4. Meiotic Studies in Mi generation; 
Induction of structural re-arrangement in 
chromosomes is one of the important ways of achieving 
new recombinations, which are rarely obtained by 
conventional methods. To estimate the potency of 
mutagens and the mutation response of a genotype, the 
chromosomal behaviour with respect to meiosis is 
considered to be one of the most reliable indices. 
The present investigation deals with the study on the types 
of chromosomal behaviour, chromosomal abnormalities and their 
frequencies in different treatments. A comparative study among 
different concentrations of a mutagen (intra mutagen) as well as 
among different mutagens (inter mutagens) using EMS, gamma rays 
and gamma rays + EMS was also carried out. The parameters of 
meiotic studies recorded were chiasma frequency at Mi, 
muhivalents, univalents, stickiness, precocious separation, 
laggards, bridges, fragments, unequal separation etc. at different 
stages of microsporogenesis. 
The various types of cytological abnormalities were 
found at different stages of microsporogenesis. The 
chiasmata frequency per cell and per bivalent were also 
determined at Metaphase-I in control as well as treated 
populations of 
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Trigonella foenum-graecum. 
The diploid chromosome number in both the 
species of fenugreek i.e. Trigonella foenum-graecum and 
Trigonella corniculata was found to be 2n = 16. In 
control populations, the meiosis was normal with eight 
bivalents at diakinesis and metaphase I (Plate 4; Fig. 
10). 
The treated plants exhibited variable frequency of 
abnormalities which were not observed in control (Table 13; Plates 
4,5,6). 
4.4.1. Metaphase I; 
4.4.1.1. Chiasma frequency: 
Chiasma frequency is a constant and genetically 
controlled character which does not vary much unless 
the plants are subjected to any change at genetic level by 
mutagens or environment. 
The chiasma frequency in control plants of T. 
foenum- graecum was recorded as 13.83 per cell. It 
decreased to 11.60 per cell in 0.3% EMS; 11.90 per cell 
in 30 KR gamma rays and 12.36 per cell in 10 KR + 
0.2% EMS (Table 12). Generally, it decreased with 
increasing concentration of all the mutagens whereas in 
20 KR gamma rays and 20 KR + 0.2% EMS treatment, 
the chiasma frequency per cell slightly increased as 
compared to lower doses. 
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The chiasma frequency per bivalent decreased from 
1.72/bivalent (control) to 1.44/bivalent in 0.3% EMS, 
1.48/bivalent in 30 KR gamma rays and to 1.54/bivalent 
in 10 KR + 0.2% EMS treatment (Table-12). 
It was found that both chiasma frequency per cell 
and per bivalent decreased with increasing 
concentrations of EMS and gamma rays. The number of 
ring bivalents decreased with increasing concentrations 
whereas the frequency of rod bivalents per cell was 
found to increase with increasing concentrations of EMS 
and gamma rays. 
4.4.1.2. Abnormalities at Metaphase I; 
Univalents were observed in all concentrations of 
treated populations. Their number ranged from 2-5 per 
cell. Maximum frequency of univalents was found at 
0.3% EMS treatment (Table-13; Figs. 4, 12). 
Mutivalents were observed in treated populations of 
0.3% EMS and 30 KR y-rays in low frequency (Table-13; 
Figs. 4, 11). 
Precocious separation of chromosomes was 
observed even at lower concentrations of treatments. The 
number of precociously separating chromosomes was two 
or sometimes four. Maximum frequency of precocious 
separation was found at 0.3% EMS treatment. (Table-13; 
Figs.2, 8). 
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Stickiness of chromosomes at metaphase I was 
observed in all concentrations of mutagens but in 
combined treatments of gamma rays and EMS their 
frequency was high (Table-13; Figs. 9, 12, 14). 
Abnormal orientation of bivalents was also 
observed in some treatments (Table-13; Figs. 3, 13, 14). 
4.4.2. Anaphase: 
Anaphase was normal in control populations 
showing equals distribution of chromosomes to the 
poles. (Fig.6). 
Bridges without fragments were recorded at higher 
concentrations of mutagen. (Table-13; Figs. 16, 17, 18). 
Laggards were observed at lower concentrations of 
EMS and at higher concentration of y-rays (Table-13; 
Fig. 15). 
Non-disjunction of chromosomes was noted at 0.3% 
EMS and 30 KR y-rays. Unequal distribution of 
chromosomes (7:9) was generally observed and in some 
PMCs 6:10 distributions was also observed (Table-13; 
Fig. 5). 
4.4.3. Telophase; 
Telophase was normal in control populations (Plate 
6, Fig. 20). 
Laggards were quite frequent in individual 
treatments of EMS and y-rays (Table-13; Fig. 21). 
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Bridges were observed at higher concentrations of 
treatments (Table-13; Figs. 22, 23). 
Disturbed telophases were also of common 
occurrence at higher concentrations of treatments 
(Table-13; Fig. 21). 
4.5. Pollen fertility: 
The pollen fertility was calculated in control as 
well as in treated populations by using the method of 
stainability of pollen grains. In both species, control 
plants showed 100% pollen fertility while in treated 
populations it decreased gradually with an increase in 
concentrations of mutagens. 
In treated populations of T. foenum-graecum, the 
pollen fertility ranged from 96.94% to 70.68% in various 
concentrations. (Table-14). 
In treated population of T.corniculata, the pollen 
fertility ranged from 93.70% (0.1% EMS) to 60.72% (30 
KR Y-rays) (Table-14). 
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Table 1: Effect of different concentrations of mutagens (EMS^ gamma rays emd 
their combinations) on seed germination in TrlgonBlla fomnvaa~gramcvm 
and Trxgon0lla. comxculata. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
lOKR 
20KR 
30KR 
lOKR+0.2% 
20KR+0.2% 
Number 
of seeds 
sown 
25 
25 
25 
25 
25 
25 
25 
25 
25 
T. foenum-graecum 
Number 
ofseeds 
germinated 
25 
25 
23 
21 
23 
22 
19 
23 
24 
Germination 
% 
100 
100 
92 
84 
92 
88 
76 
92 
96 
Inhibition 
% 
0 
0 
8 
16 
8 
12 
24 
8 
4 
Number 
ofseeds 
sown 
25 
25 
25 
25 
25 
25 
25 
25 
25 
T. corniculata 
Number 
ofseeds 
germinated 
23 
20 
18 
16 
23 
21 
17 
20 
18 
Germination 
% 
92 
80 
72 
64 
92 
84 
68 
80 
72 
Inhibition 
% 
8 
20 
28 
36 
8 
16 
32 
20 
28 
Table 2: Effect of different concentrations of mutagens (EMS, gamma rays and 
their combinations) on root length of Trlgonella foenvaxi-gra.ecum and 
Trlgonella. comlculata.. 
Freatments 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
Range(cm) 
1.3-4.2 
2.2-4.2 
0.5-4.5 
0.5-3.1 
0.6-4.2 
0.2-3.7 
1,2-3.5 
0.4-3.5 
1.2-4.2 
T. foenum-graecum 
Mean(cm)+S.E. 
2.22+0.16 
2.97+0.16 
2.45+0.20 
2.00+0.18 
2.24+0.21 
2.24+0.22 
2.20+0.17 
2.12+0.20 
2.89+0.18 
S.D. 
0.72 
0.75 
0.90 
0.81 
0.96 
1.01 
0.80 
0.93 
0.84 
C.V.(%) 
32.43 
25.25 
36.73 
40.50 
42.85 
45.08 
36.36 
43.86 
29.06 
Range(cm) 
1.2-2.5 
0.4-2.6 
0.5-2.0 
0.5-2.5 
1.0-2.3 
0.8-2.0 
0.5-2.0 
0.4-2.0 
1.0-2.2 
T. corniculata 
Mean(cm)+S.E. 
1.58+0.07 
1.54+0.12 
1.33+0.07 
1.33+0.14 
1.54+0.08 
1.45+0.08 
1.32+0.09 
1.00+0.08 
1.54+0.09 
S.D. 
0.32 
0.56 
0.35 
0.63 
0.39 
0.39 
0.42 
0.40 
0.42 
C.V. (%) 
20.25 
36.36 
26.31 
47.36 
25.32 
26.89 
31.81 
40.00 
27.27 
Table 3: Effect of different concentrations of mutagens (EMS, gamma rays and 
their combinations) on shoot length of Trxgonolla foanum-graecum 
and TrxgonellA comlculata. 
TrigoneUafoenum-graecum Trigonella corniculata 
Treatments Range(cm) Mean(cm)+S.E. S.D. C.V.(%) Range(cm) Mean(cm)±S.E. S.D. C.V.(%) 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
2.2-5.0 
2.6-5.0 
1.2-5.0 
1.0-4.3 
1.0-5.1 
1.6-5.0 
1.5-4.6 
1.2-4.2 
2.0-4.5 
3.63+0.15 
3.82+0.12 
3.62+0.26 
3.11+0.22 
3.88+0.23 
3.83+0.19 
3.54+0.20 
3.15+0.19 
3.30+0.15 
0.71 
0.58 
1.17 
0.99 
1.05 
0.88 
0.90 
0.89 
0.69 
19.55 
15.18 
32.32 
31.83 
27.06 
22.97 
25.42 
28.25 
20.90 
2.6-4.3 
2.1-4.2 
2.2-3.7 
2.2-3.5 
2.5-4.2 
2.0-3.8 
2.1-3.8 
2.5-3.9 
2.1-3.9 
3.49+0.08 
3.00+0.11 
2.93+0.08 
2.89+0.10 
3.32+0.10 
3.00+0.12 
2.96+0.08 
2.99+0.07 
2.80+0.09 
0.39 
0.52 
0.39 
0.45 
0.47 
0.56 
0.40 
0.34 
0.44 
11.17 
17.33 
13.31 
15.57 
14.15 
18.66 
13.51 
11.37 
15.71 
Table 4: Effect of different concentrations of mutagens (EMS, gamma rays and 
their combinations) on seedling height of Trlgonella. foenum-gxa.BCvm 
and TrLgonella comlculata. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
Range(cm) 
4.7-7.6 
5.2-8.3 
3.3-8.0 
1.5-7 1 
2.6-8.3 
3.2-8.3 
3.0-7.8 
1.4-7.5 
3.2-8.C 
Trigonella foenum 
Mean(cm)+S.E. 
5.87+0.17 
6.78+0.18 
6.07+0.30 
5.12+0.36 
6.12+0.34 
6.08+0.32 
5.75+0.32 
5.28+0.35 
6.20+0.30 
i-graecum 
S.D. 
0.77 
0.82 
1.36 
1.63 
1.53 
1.46 
1.44 
1.60 
1.37 
C.V.(%) 
13.11 
12.09 
22.40 
31.83 
25.00 
24.01 
25.04 
30.30 
22.09 
Trigonella corniculata. 
Range(cm) Mean(cm)+S.E. 
3.8-5.9 
3.3-6.4 
3.4-5.2 
3.3-5.7 
3.8-5.7 
3.3-5.6 
2.9-5 6 
3.3-5.1 
3.1-6.1 
4.82+0.11 
4.54+0.18 
4.26+0.11 
4.22+0.17 
4.86+0.11 
4.46+0.14 
4.28+0.14 
3.99+0.11 
4.30+0.16 
S.D. 
0.53 
0.83 
0.52 
0.77 
0.52 
0.66 
0.65 
0.50 
0.74 
C.V.(%) 
10.99 
18.28 
12.20 
18.24 
10.69 
14.79 
15.18 
12.53 
17.20 
Table 5: Effect of different concentrations of mutagens (EMS, gamma rays and 
their combinations) on seed germination in Trigoneilla. foeninn-grraecum 
and Trigonella comiculata (field experiment) . 
Treatment 
Control 
0.1% 
0.2% 
0 3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0 2% 
Nunnber 
of seeds 
sown 
50 
50 
50 
50 
50 
50 
50 
50 
50 
T. foenum-graecum 
Number 
of seeds 
germinated 
42 
40 
35 
32 
39 
36 
30 
34 
36 
Germination 
% 
84 
80 
70 
64 
78 
72 
60 
68 
72 
Inhibition 
% 
16 
20 
30 
36 
22 
28 
40 
32 
28 
Number 
of seeds 
sown 
50 
50 
50 
50 
50 
50 
50 
50 
50 
T. corniculata 
Number 
of seeds 
qerminated 
45 
41 
36 
31 
41 
37 
30 
32 
34 
Germination 
% 
90 
82 
72 
62 
82 
74 
60 
64 
68 
Inhibition 
% 
10 
18 
28 
38 
18 
26 
40 
36 
32 
Table 6: Effect of different concentrations of mutagens (EMS^ gamma rays and 
their combinations) on height of plants in TxrigonBlla. foenum-graacum 
and Trlgonella. com±culat&. 
Treatments 
Trigonella foenum-graecum Trigonella corniculata 
Range(cm) Mean±S.E. S.D. C.V.(%) Range(cm) Mean±S.E. S.D. C.V.(%) 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
44-50 47.10+0.30 1.37 2.90 
44-52 48.15+0.35 1.59 3.30 
42-53 48.15+0.45 2.03 4.21 
42-50 45.45+0.51 2.32 5.10 
43-52 49.20+0.52 2.35 4.77 
39-50 45.90+0.58 2.61 5.68 
38-47 42.60+0.59 2.66 6.24 
42-52 45.15+0.60 2.70 5.98 
40-54 47.75+0.64 2.88 6.03 
34-40 
36-41 
30-39 
30-38 
34-41 
36-41 
33-39 
36.90-0.38 
37.80+0.38 
35.65+0.56 
34.50+0.57 
37.05+0.39 
37.80+0.38 
34.40+0.43 
33-40 36.15+0.37 
38-44 40.80+0.39 
1.74 
1.70 
2.53 
2.58 
1.76 
1.70 
1.95 
1.69 
1.76 
4.71 
4.49 
7.09 
7.47 
4.75 
4.59 
5.66 
4.67 
4.31 
Table 7: Effect of different concentrations of mutagens (EMS, gaimna rays and 
their combinations) on number of nodes per plant in TrigonBlla. 
foenum-gra.eciaa. and Trxgonella. comlculata. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
Trigonellafoenum-graecum 
Range(cm) 
12-17 
12-16 
11-17 
11-15 
1C-17 
12-17 
10-16 
11-19 
11-17 
Mean(cm)+S.E. 
13.05+0.26 
12.45+0.21 
12.60+0.26 
11.80+0.19 
13.85+0.19 
13.55+0.22 
12.85+0.27 
13.55+0.35 
13.35+0.36 
S.D. 
1.19 
0.94 
1.1o 
0.89 
0.87 
0.99 
1.22 
1.6 
1.63 
C.V.(%) 
9.11 
7.55 
9.36 
7.54 
6.28 
7.30 
9.49 
11.80 
12.20 
Range(cm) 
12-15 
10-14 
10-14 
10-13 
12-17 
10-14 
9-16 
11-18 
13-20 
Trigonella corniculata 
Mean(cm)+S.E. 
13.05+0.22 
12.10+0.31 
11.50+0.27 
11.85+0.21 
13.65+0.23 
12.40+0.25 
11.50+0.41 
13.15+0.37 
17.00+0.42 
S.D. 
0.99 
1.41 
1.19 
0.98 
1.03 
1.14 
1.84 
1.66 
1.84 
C.V.(%) 
7.58 
11.65 
10.34 
8.27 
7.54 
9.19 
16.00 
12.62 
11.11 
Table 8: Effect of different concentrations of mutagens (EMS, y-rays and 
their combinations) on niimber of branches per plant in TrxgonBllA 
foenvan-gra.ecvm and Trlgonella. comlculata. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
10KR 
2CKR 
30KR 
10KR+0.2% 
20KR+0.2% 
Range(cm) 
1-3 
1-3 
1-5 
1-4 
1-3 
1-4 
1-4 
1-2 
1-3 
T. foenum-graecum 
Mean(cni)+S.E. 
1.4+0.15 
1 6+0.22 
1.75+0.24 
1.45+0.22 
1.30+0.14 
1.65+0.19 
1.45+0.19 
1.20+0.09 
1.35+0.14 
S.D. 
0.68 
0.82 
1.11 
0.99 
0.65 
0.87 
0.88 
0.41 
0.67 
C.V.(%) 
48.57 
51.25 
63.42 
68.27 
50.00 
52.72 
60.68 
34.16 
49.62 
Range(cm) 
5-7 
5-8 
4-8 
4-7 
5-8 
5-8 
4-7 
2-7 
3-8 
T. corniculata. 
Mean(cm)±S.E. 
5.7+0.17 
5.6+0.22 
5.25+0.32 
5.6+0.23 
6.35+0.23 
5.8+0.22 
5.4+0.18 
5.0+0.36 
5.1+0.38 
S.D. 
0.8 
0.88 
1.44 
1.04 
1.03 
1.00 
0.82 
1.65 
1.74 
C.V.(%) 
14.00 
15.71 
27.42 
18.57 
16.22 
17.24 
15.18 
33.00 
34.11 
Table 9: Effect of different concentrations of mutagen (EMS, gamma rays and 
their combinations) on number of pods per plant in TrigonellA 
foenvaa-graeaum and Trigonella comiculata. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
Range(cm) 
10-16 
11-17 
8-16 
7-14 
10-15 
7-14 
8-14 
8-12 
8-13 
T. foenum-graecum 
Mean(cm)+S.E. 
11.90+0.36 
12.75+0.36 
10.50+0.41 
9.30+0.40 
12.35+0.39 
11.05+0.41 
10.80+0.42 
9.90+0.33 
10.65+0.41 
S.D. 
1.65 
1.61 
1.87 
1.83 
1.75 
1.84 
1.90 
1.48 
1.84 
C.V.(%) 
13.86 
12.62 
17.80 
19.67 
16.65 
14.17 
17.59 
14.94 
17.27 
Range(cni) 
264-273 
262-273 
248-258 
238-248 
264-272 
257-268 
249-259 
253-265 
248-259 
T. corniculata 
Mean(cm)+S.E. 
268.10+0.42 
267.50+0.67 
251.25+0.62 
243.40+0.66 
268.85+0.46 
263.05+0.63 
255.20+0.64 
260.10+0.66 
253.75+0.61 
S.D. 
1.91 
2.74 
2.78 
2.96 
2.08 
2.85 
2.89 
2.98 
2.75 
C.V.(%) 
0.71 
1.02 
1.10 
1.21 
0.77 
1.08 
1.13 
1.14 
1.08 
TeQsle 10: Effect of different concentrations of mutagens (EMS,gamma rays and 
their combinations) on length of pods in Trlgonella. foenvm-gr&ecvm 
and Trxgonella. com±cula.ta.. 
T. foenum-graecum T. corniculata 
Treatments Range(cm) Mean(cm)±S.E. S.D. C.V.(%) Range(cm) Mean(cm)±S.E. S.D. C.V.(%) 
Control 
0.1% 
0.2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
10.0-12.5 
10.0-14,0 
9.0-12.0 
8.0-11.5 
9.0-12.4 
8.0-11.2 
8.0-10.6 
7.2-10.0 
7.0-11.0 
11.53+0.13 
11.73+0.17 
10.51+0.14 
9.36+0.16 
10.60+0.20 
9.46+0.14 
8.88+0.16 
8.50+0.12 
8.68+0.16 
0.73 
0.98 
0.80 
0.88 
1.13 
0.79 
0.89 
0.69 
0.92 
6.33 
8.35 
7.61 
9.40 
10.66 
8.35 
10.02 
8.11 
10.59 
2.0-2.5 
1.8-2.6 
1.6-2.2 
1.3-2.2 
1.8-2.6 
1.7-2.3 
1.6-2.1 
1.5-2 1 
1.5-2 2 
2.13+0.03 
2.17+0.03 
1.93+0.03 
1.72+0.04 
2.18+0.04 
2.00+0.03 
1.81+0.02 
1.73+0.03 
1.75+0.03 
0.19 
0.20 
0.20 
0.25 
0.22 
0.19 
0.15 
0.18 
0.18 
8.92 
9.21 
10.36 
14.53 
10.09 
9.50 
8.28 
10.40 
10.28 
Table 11 : Effec t of d i f f e r e n t concen t ra t ions of mutagens (EMS, ganma rays 
and t h e i r combinations) on nxunber of seeds per pod in Trxgonolla 
foGnvm-graecvm and Trigonella cornlculata. 
Treatments 
Control 
0.1% 
0 2% 
0.3% 
10KR 
20KR 
30KR 
10KR+0.2% 
20KR+0.2% 
Range(om) 
6-10 
6-10 
5-9 
4-8 
5-10 
5-9 
4-7 
4-7 
3-6 
T. corniculata 
Mean(cm)+S.E. 
7.16+0.17 
7.93+0.19 
6.16+0.21 
5.26+0.20 
7.23+0.23 
6.53+0.18 
5.63+0.17 
5.80+0.14 
4.53+0.16 
S.D. 
0.98 
1.08 
1.17 
1.14 
1.27 
1.04 
0.96 
0.80 
0.93 
C.V.(%) 
13.68 
13.61 
18.99 
21.67 
17.56 
15.92 
17.05 
13.79 
20.52 
T. foenum-graecum 
Range(cm) Mean(cm)+S.E. 
13-18 
13-21 
10-18 
9-16 
13-21 
13-19 
9-16 
7-15 
7-15 
15.53+0.19 
15.70+0.26 
13.43+0.40 
12.16+0.34 
15.53+0.30 
14.30+0.34 
13.36+0.41 
11.03+0.39 
10.30+0.42 
S.D. 
0.89 
1.44 
1.79 
1.55 
1.38 
1.55 
1.84 
1.75 
1.89 
C.V.(%) 
5.73 
9.17 
13.32 
12.74 
8.88 
10.83 
13.77 
15.86 
18.34 
TahX& 12: E f f e c t of d i f f e r e n t concentrat ions of mutagens (EMS, gainna rays and 
t h e i r conibinations) on chiasxnata/ce l l and chiasxnata/bivalent i n 
Trigonella foenum-graecum. 
Treatments 
Control 
0 1% 
0 2% 
0 3% 
10KR 
20KR 
30KR 
10KR+0 2% 
20KR+0 2% 
Range(cm) 
13-15 
12-15 
9-15 
8-13 
10-14 
10-14 
10-13 
r • ' 
10-14 
Chiasmata/cell 
Mean(cm)+S E 
13 83+0 12 
13 36+0 16 
12 33+0 34 
11 60+0 26 
13 06+0 19 
13 10+0 18 
11 90+0 20 
12 36+0 28 
12 83+0 17 
SD 
0 69 
0 88 
1 89 
1 45 
1 08 
0 99 
1 12 
1 54 
0 98 
C V (%) 
4 98 
6 58 
15 32 
12 50 
8 26 
7 55 
9 41 
12 45 
7 63 
Range(cm) 
1 62-1 87 
1 5-1 87 
1 12-1 87 
1 0-1 62 
1 25-1 75 
1 25-1 75 
1 25-1 62 
1 12-1 75 
1 25-1 75 
Chiasmata/bivalent 
Mean(cm)+S.E S D. 
1 72+0 01 0 08 
1 66+0 02 0 11 
1 53+0 04 0 23 
144+0 03 0 18 
163+0 02 0 13 
163+0 02 0 12 
148+0 02 0 13 
1 54+0 03 0 19 
160+U02 0 12 
C.V (%) 
4 65 
6 62 
15 03 
12 50 
7 97 
7 36 
8 78 
12 33 
7 50 
Table 13: Effect of different concentrations of mutagens (EMS, gamma rays and their 
combinations) on frequency of different types of meiotic abnormalities 
induced xn pollen mother cells of Txxgonmlla. fomnxnu grAmcvan L. 
Treatments 
Control 
0.1% 
0.2% 
0.3% 
lOKR 
20KR 
30KR 
lOKR+0.2% 
20KR+0.2% 
Total no. 
of PMC's 
observed 
428 
395 
446 
418 
408 
420 
448 
410 
385 
Uni-
valents 
. 
8 
13 
18 
5 
8 
16 
4 
6 
Metaphase 
Multi- Precocious 
valents separation 
-
-
-
2 
-
-
4 
2 
1 
-
2 
10 
12 
4 
8 
5 
5 
-
Stickiness 
-
4 
3 
18 
6 
10 
10 
20 
30 
Anaphase 
Laggards Bridges 
-
2 
5 
-
-
-
8 
-
2 
. 
-
1 
4 
-
2 
5 
-
2 
Non-
disjunction 
-
-
-
10 
3 
-
15 
-
-
Telophase 
Laggards Bridges 
-
3 
2 
-
-
-
5 
2 
-
-
-
4 
-
-
2 
3 
5 
3 
k 
Disturbed 
telophase 
-
-
1 
2 
-
-
3 
-
4 
Total no. 
of 
abtwrma 
cells 
-
19 
39 
66 
17 
30 
74 
38 
48 
Percentage 
of 
1 abnonnal 
PMC's 
-
4.81 
8.74 
15.78 
4.16 
7.14 
16.51 
9.26 
12.46 
Table 14: Effect of different concentrations of mutagens (EMS, gamma 
rays and their combinations) on pollen fertility emd seed 
weight in T. foenum-graecum and T. comlculata. 
T. foenum-graecum T. corniculata 
Treatments Pollen fertility(%) 1000 seed weight (gm) Pollen fertility(%) 1000 seed weight (gm) 
Control 
0.1% 
0.2% 
0.3% 
lOKR 
20KR 
30KR 
IOKR+O.2% 
20KR+0.2% 
100.00 
96.94 
89.79 
70.68 
95.24 
88.01 
74.26 
86.35 
71.33 
10.668 
10.562 
10.460 
9.322 
10.630 
9.655 
8.647 
9.459 
8.432 
100.00 
93.70 
88.12 
73.45 
80.41 
71.72 
60.72 
77.01 
68.30 
1.607 
1.595 
1.433 
1.396 
1.507 
1.349 
1.334 
1.409 
1.329 
EXPLANATION OF PLATE-I 
Figs. 1-9. Effect of different concentrations of mutagen 
(EMS,gamma rays and their combinations) 
on the morphology of Trigonella foenum-
graecum. 
1. Control. 
2. 0.1% EMS 
3. 0.2% EMS 
4. 0.3% EMS 
5. 10 KR Y-rays 
6. 20 KR y-rays 
7. 30 KR Y-rays 
8. 10 KR Y-rays +0.2%EMS 
9. 20 KR Y-rays.+0.2%EMS 
PLATE - I 
EXPLANATION OF PLATE - I I 
Figs. 1-9. Effect of different concentrations of mutagen 
(EMS, gamma rays and their combinations) on 
the morphology of Trigonella corniculata. 
1. Control. 
2. 0.1% EMS 
3. 0.2% EMS 
4. 0.3% EMS 
5. 10 KR Y-rays 
6. 20 KR y-rays 
7. 30 KR y-rays 
8. 10 KR y-rays + 0.2%EMS 
^. 20 kR y-rays + 0.2%EMS 
PLATE - II 
EXPLANATION OF PLATE-I I I 
F ig . l . Photograph showing a cluster of four pods at one 
node in a plant of Trigonella foenum-graecum 
isolated at 30 KR y-rays. 
Fig2. Photograph showing tetrafoliate leaf in a plant of 
Trigonella foenum-graecum treated with 30 KR y-
rays. 
PLATE - UI 
- R a v s 
EXPLANATION OF PLATE - IV 
Figs. 1-6: Pollen mother cells in Trigonella foenum-
graecum displaying various associations of 
chromosomes at different stages. 
1. Metaphase I showing 8 bivalents (Control). 
2. Metaphase I showing precocious movement of 
chromosomes in one pollen mother cell (0.1% EMS). 
3. Metaphase I showing non-orientation of bivalents 
(10 KR Y-rays + 0.2% EMS) 
4. Metaphase I showing 11 univalents and 1 rod 
pentavalent (30 KR y-rays). 
5. Anaphase I showing unequal segregation of 
chromosomes (20 KR y-rays). 
6. Anaphase I showing normal segregation (0.1% 
EMS). 
PLATE - IV 
4* 
'(Xf^ 
" ^ 
It 
% *4 ii* 
• 
, ^ 
EXPLANATION OF PLATE-V 
Figs. 7-14. Pollen mother cells in Trigonella foenum-
graecum displaying various associations of 
chromosomes at different stages. 
7. Diakinesis showing 8 bivalents (Control). 
8. Metaphase I showing 8 bivalents and precocious 
movement by 1 bivalent. (20 KR y-rays). 
9. Metaphase I showing stickiness (20 KR y^ays + 
0.2% EMS). 
10. Metaphase I showing 6 ring and 2 rod bivalents. 
(10 KR Y-rays). 
11. Metaphase I showing 1 trivalent, 4 bivalents and 5 
univalents (0.3% EMS). 
12. Metaphase I showing one group of sticky 
chromosomes and 2 univalents (30 KR y-rays). 
13. Metaphase I showing two split group of 4 bivalents 
each (10 KR y-rays + 0.2% EMS). 
14. Metaphase I showing 4 bivalents at one side and 
clumping of chromosomes at other. (20KR y-
rays + 0.2% EMS). 
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EXPLANATION OF PLATE-V 
Figs. 7-14. Pollen mother cells in Trigonella foenum-
graecum displaying various associations of 
chromosomes at different stages. 
7. Diakinesis showing 8 bivalents (Control). 
8. Metaphase I showing 8 bivalents and precocious 
movement by 1 bivalent. (20 KR y-rays). 
9. Metaphase I showing stickiness (20 KR y^ays + 
0.2% EMS). 
10. Metaphase I showing 6 ring and 2 rod bivalents. 
(10 KR Y-rays). 
11. Metaphase I showing 1 trivalent, 4 bivalents and 5 
univalents (0.3% EMS). 
12. Metaphase I showing one group of sticky 
chromosomes and 2 univalents (30 KR y-rays). 
13. Metaphase I showing two split group of 4 bivalents 
each (10 KR y-rays + 0.2% EMS). 
14. Metaphase I showing 4 bivalents at one side and 
clumping of chromosomes at other. (20KR y-
rays + 0.2% EMS). 
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EXPLANATION OF PLATE - VI 
Figs.15-23: Pollen mother cells in Trigonella foenum-
graecum displaying various associations of 
chromosomes at different stages. 
15. Anaphase I showing 1 laggard (0.2% EMS). 
16&17. Anaphase I showing bridge without fragment 
(0 .3% EMS). 
18. Anaphase II showing a single bridge (0.2% EMS). 
19. Cytomixis (30 KR y-rays). 
20. Telophase II showing 4 groups of nuclei (Control). 
2 1 . Telophase II showing disturbed orientation of 4 
groups of chromosomes and laggards (30 KR y-
rays). 
22. Telophase II showing two bridges (0.3% EMS). 
23 . Telophase II showing a single bridge (0.2% EMS). 
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Discussion 
The present discussion is mainly confined to the effect of 
gamma rays, ethyl methane sulphonate and combination of gamma 
rays and ethyl methane sulphonate on seed germination, seedling 
growth, plant morphology, yield, meiotic behaviour and pollen 
fertility in Mi generation of Trigonella foenum-graecum L. and 
Trigonella corniculata L. The probable reasons and explanations 
regarding the effects of mutagens have been discussed. 
Seed germination; 
The test of seed germination is an important parameter to 
estimate the induced effect of mutagen on metabolism resumed after a 
period of dormancy. Generally, a gradual decrease in percent 
germination with increasing concentrations of mutagens has been 
observed. The reduced germination due to inhibitory effect of gamma 
rays and EMS as observed in the present investigation has also been 
reported by Reddy and Rao(1982) in chilli, Laxmi and Gupta(1983) 
in Trigonella foenum-graecum, Krishna et a/.,(1984) in rhodes grass, 
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Jain and Agarwal(1987) in Trigonella foenum-graecum, Jayabalan 
and Rao (1987) in Lycopersicon esculentum L., Khan and Siddiqui 
(1987) in mungbean , Jain and Agarwal (1993) in Trigonella foenum-
graecum, Ansari and Siddiqui(1995) in Ammi majus L. and Anis and 
Wani (1997) in Trigonella foenum-graecum. 
The reduction was more in combined treatments (gamma rays + 
EMS) which may be due to synergistic effect. The synergistic effects 
of physical and chemical mutagens when used in combination have 
been reported by Khalatkar and Bhatia (1975) and Arumugam et al, 
(1997) in Barley, Ignacimuthu and Babu (1988) in urd and mungbean 
and Venkateswarlu et al, (1988) in Catharanthus roseus. 
The synergism among two mutagens may be firstly because 
first mutagen treatment makes accessible otherwise non available sites 
for reaction to the second mutagen and secondly because 
premutational lesions induced by the first mutagen becomes fixed due 
to an inhibitory effect of the second mutagen on repair enzyme 
(Sharma, 1972; Payez and Decring, 1972) Both these pathways should 
yield a fi^quency of mutations higher than the total of the two 
mutagens applied individually. 
Griffiths and Johnson (1962) and Srivastava(1979) considered 
that reduction in germination percentage was due to weakening and 
disturbances of growth processes regulated in early elimination of 
seedlings. The destruction of growth regulators and metabolic 
disturbances during germination may also be responsible for 
inhibition of seed germination. 
Krishna et al., 1984 considered that the inhibition of 
germination is the immediate effect of mutagens on seed, the extent 
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depending on the type and dose of mutagen used. The inhibition may 
also be due to interaction between the mutagen and the seed cell 
system. The imbibed mutagen in the cell may imbalance the cell 
system and inhibits the normal metabolic activity. Aman (1986) 
reported that endogenous growth regulators play an hnportant role in 
seed germination and there exists a balance between promoters and 
inhibitors. Maherchandani (1975) reported that reduction in 
germination may probably be due to the disturbance of this balance. 
Seedling growth: 
The average seedling height exhibited an increase over control 
at lower concentrations and then decreased with increasing 
concentrations of mutagen in both T. foenum-graecum and T. 
corniculata. 
Reduced seedling growth due to mutagenic treatment was 
observed by many workers in different plants (Sharma, 1970 in 
barley; Venkateswarlu et al., 1978 in pigeon pea; Krishna et ai, 1984 
in rhodes grass; Khan et al., 1987 in mung bean; Ignacimuthu and 
Babu, 1988 in urd and mungbean;Vandana and Dubey, 1988 and 
Kumar et al., 1993 in faba bean; Edwin and Reddy, 1993 in Triticale; 
Jain and Agarwal, 1993 in Trigonella foenum-graecum. 
Sparrow et al, 1961 suggested that most probable causes for 
reduced seedling growth by mutagenic treatments could be an uneven 
damage of the meristematic cells as a consequence of genetic injuries, 
structural change in constitution of chromosomes and chromosomal 
damage or inhibition of cell division. According to Sparrow and 
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Sparrow (1965) growth inhibition arises from interference with cell 
elongation. 
Gupta and Sumata(1967) held that auxin had a rapid turn over 
rate in metabolically active tissues and that the auxin biosynthesis is 
very sensitive to ionizing radiation. According to Sinha and God ward 
(1972) a great deal of shoot growth is due to cell elongation whereas 
root growth is more dependent on cell division. Tarar and Dnyansagar 
(1979) reported that decrease in growth of seedlings may be due to 
the reduction of auxin synthesis, 
Krishna et a/., (1984) opined that the reduction in growth might 
be due to auxin destruction, changes in ascorbic acid content and 
physiological and biochemical disturbances. Chromosomal breakage 
during mitotic inhibition and inhibition of DNA synthesis have also 
been implicated as a cause of reduced plant growth. 
Arumugam et al, (1997) considered that reduction in seedling 
height in mutagenic treatments is generally due to physical changes 
such as inhibition of DNA, inhibition of mitotic proliferation and 
variation in auxin level. However, reduction in seedling height may 
also occur due to chromosomal aberrations and breakage during 
mitotic divisions. 
In the present investigation, some lower concentrations of 
mutagens have shown enhanced growth. Sax (1963) reported that low 
levels of radiation have stimulating effects on certain stages of plant 
development. Jones and Plummer (1960) reported stimulating effect 
on Trifolium. The same has also been observed by Raghuvanshi and 
Singh (1976) and Katyayani et a/.,(1980) in Trigonella foenum-
graecum; Krishna et al., (1984) in rhodes grass and Devi (1991) in 
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Carum carvi L.; Krishna et.ai, (1984) reported that stimulation of 
growth observed at lower doses might be caused by elevated auxin 
levels. 
Plant Growth: 
The plant height, number of branches and number of nodes 
showed enhancing effect at lower concentrations as compared to 
control while higher doses retarded the growth in both T. foenum-
graecum and T. corniculata. 
Growth promoting effects of mutagens when applied at low 
doses have also been recorded in a number of crops by Sax (1963); 
Singh et al, (1978); Trivedi and Dubey (1982); Vandana and Dubey 
(1988,1993); Devi (1991) and Anis and Wani (1997) .The low 
concentrations of mutagen caused low toxicity and probably acted as 
growth regulators and hence height, branching and number of nodes 
were increased over control. 
Sparrow et ah, (1958) mentioned that although reduced stem 
elongation is usually iscribed to reduced auxin and nutritional levels, 
the mechanism of assimilation may also be an important factor. On 
the whole it appears to be a complex biological phenomenon 
operating at cellular as well as sub-cellular level. 
The increase in number of branches might be due to the 
formation of more axillary buds and due to more auxin synthesis 
during development (Devi, 1991). 
In the present investigation, stunted growth has been noted at 
higher concentrations. This may be due to the fact that the 
chromosomes carrying various genes responsible for the life processes 
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and expressions are one of the most sensitive elements and damage to 
any part of these vital and tiny elements are bound to go a long way to 
bring about various physiological and metabolic disorders which in 
turn will bring about several morphological and growth abnormalities 
in the plant or plant organs. Therefore, it can be concluded that the 
chromosome and gene mutations are the causes of reduced 
germination and growth of seedlings and mature plants. 
According to Gunckel (1957), the possible influence of 
phytohormones and other physiological disturbances may be the 
reason for stunted plant growth. Mhaske (1971) opined that the 
inhibition of growth at higher doses of gamma rays is due to 
physiological imbalances in plants due to radiation. 
In the present investigation, it was noticed that the stunted 
growth was a common feature in case of higher exposures of gamma 
rays and EMS concentrations while stimulation in height was seen at 
lower exposures of gamma rays. It is due to the fact that at lower 
exposures auxin synthesis is increased resulting in stimulation in 
height while at higher exposures, auxin synthesis is inhibited resulting 
in stunted growth. Reason for the stunted growth of plant at the higher 
doses of mutagen treatment may also be attributed to the genetic loss 
due to chromosomal aberrations. 
In the present study, we have observed bifurcation of main stem 
in some plants at 70 KR. Similar observations were reported by Tarar 
and Dnyansagar (1979) in Turnera ulmifolia and Ashri (1970) in 
Arachis hypogea. They, however, observed that leaves on one side of 
the stem were normal as in control while on the other branch they 
were very much reduced . They attributed this differential 
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morphological expressivity in the same plant to affected hormonal 
balance due to mutagen treatments. 
It may be concluded that in the present plant, excessive 
branching might have occurred as a result of formation of more 
axillary buds, while bifurcation of the stem might have been due to 
the induced division of terminal bud by mutagen treatments. They 
may also be due to the physiological changes such as disturbances in 
auxin formation and distribution. 
Yield: 
The yield attributes like pod size, number of seeds per pod, and 
number of pods per plant exhibited an increase over control at lower 
concentrations while higher concentrations retarded the yield in both 
T. foenum-graecum and T. corniculata. Similar results have also been 
reported by Katyayani et al., (1980) in Phaseolus aureus 
Roxb.;Vandana and Dubey (1988) in Vicia faba L.; Devi (1991) in 
Carum carvi L., and Anis and Wani(1997) in Trigonella foenum-
graecum L. Combined mutagens (gamma rays + EMS) induced more 
reduction than the single mutagen treatments. This may be due to 
synergistic effect in combined treatment. Similar results have been 
reported by Sharma (1972) in barley and Zeerak (1990) in Solarium 
melongena. They obtained synergistic effect in seed sterility in 
combined treatments of gamma rays and EMS but contrary to the 
synergistic effect reported so far in the present experiment some 
combination treatments showed enhancing effect as compared to 
lower concentrations and consequently the average number of pods 
per plant and average number of seeds/pod increased. 
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In combination treatments, the effects caused by one mutagen 
can be modified by others (Nilan et al, 1962) and such synergism has 
been explained due to interaction of radiations and chemical induced 
lesions (Khalatkar and Bhatia, 1975). 
Rajput (1971) reported that the increase in number of pods is 
due to an increase in number of flower per plant through more number 
of fertile branches which directly influences the plant yield. 
Swaminathan (1973) suggested that the increase in yield of pulses 
could be achieved by enhancing the pod number. 
As the plant sterility was directly proportional to the 
administered doses and concentrations of mutagens, it can be 
presumed that the mutagenic treatment probably affected both the 
male and female gametophytes. However, pollen sterility appeared to 
be more responsible because the yield decreased under conditions of 
high pollen sterility (Lakshmi et.al, 1988). This effect may also be 
interpreted as due to detrimental mutations, which are supposed to 
occur more frequently than favourable ones (Khamankar, 1974). 
In the present investigation, reduction in seed setting was 
observed in plants obtained from mutagen treated seeds. It was 
noticed that in EMS and gamma rays treated populations an increase 
in chromosomal aberrations was noticed and this was accompanied 
with the decrease in seed setting. Therefore, it is quite likely that the 
predominance of chromosomal aberrations may be the major factors 
responsible for low seed setting. However, in combined treatments, 
even though meiosis was quite regular, seed setting was quite low. 
This may be due to certain genetic changes or more probably cryptic 
deletions. It has been seen that gamma rays or EMS cause high pollen 
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sterility. Sunilarly, these mutagens affect the normal course of 
megasporogenesis leading to the sterility of female gametophyte. 
Therefore, low seed setting in the present plant may be due to sterility 
of the male or female gametophyte or both. Zeerak (1992) attributed 
high seed sterility to either pollen or ovule sterility or both. 
According to Lakshmi et a/., 1988, the mutagenic treatment 
probably affected both the male and female gametophytes more or 
less similarly. However pollen sterility appeared to be more 
responsible, because the yield is decreased under conditions of high 
pollen sterility. This effect may also be interpreted as due to 
detrimental mutations, which are supposed to occur more frequently 
than favorable ones (Khamankar, 1974). According to Singh and 
Chowdhury (1972) various chromosomal abnormalities appeared to 
be related with lower pollen fertility and ultimately low seed set. 
Meiotic Abnormalities; 
As a result of treatment of seeds with physical and chemical 
mutagens, the plants showed varying degrees of meiotic irregularities 
like reduction in chiasma frequency, univalents, multivalents, 
stickiness, precocious separation of chromosomes, strays, laggards, 
bridges with or without fragments, unequal separation etc. The 
frequency of abnormalities induced by mutagenic treatments was 
higher in meiosis I than meiosis II. 
Chiasma frequency: 
In the present investigation, generally a decreasing trend of 
chiasmata frequency per cell and per bivalent was observed in 
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comparison to control plants with an exception to some concentrations 
where a slight increase in chiasma frequency has been noted at lower 
doses. Reduction in chiasma frequency due to mutagenic treatment 
has been reported by Sree Ramulu (1971) in Sorghum, Singh et al., 
(1977) in Pearl millet, Lai and Srinivasachar (1979) in Pennisetum 
typhoides, Jayabalan and Rao (1987) in Lycopersicon esculentum 
Mill; Lakshmi et ai, (1988) and Anis and Sharma, (1997) in chilli, 
Reddy and Annadurai (1992) and Reddy et a/., (1992) in lentil. 
Lawrence (1961 a, 1961 b) working with Tradescantia and 
Lilium concluded that the decrease in chiasma frequency, following 
mutagenic treatment, might possibly occur at two stages, namely, 
during the DNA synthesis and in second sensitive period at or slightly 
before the stage during which chiasma formation generally occurs. In 
the former case, delay in DNA synthesis may result in lack of 
synchronization of nuclear processes, thereby, affecting chiasma 
frequency by reducing chromosome coiling and time available for 
effective pairing and by inducing structural aberrations in the 
chromosomes which prevent crossing over while in later case it may 
be due to disturbances in the processes leading to chiasma formation. 
Jain and Basak (1965) in Delphinium reported reduction in chiasma 
frequency following mutagen treatments as a result of univalent 
formation through cryptic structural changes in some of the 
chromosomes which restrict pairing. 
The chemical mutagen, in general, caused a greater reduction in 
chiasma frequency as compared to gamma rays. This reduction may 
be attributed to the nature and potency of mutagens and also to the 
underlying factors such as complex structural changes or change in 
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the nature of genes responsible for chiasma formation (Lai and 
Srinivasachar (1979), Sadanandan and Subhash (1984), Jayabalan and 
Rao (1987) and Anis and Sharma (1997). In the present study, 
reduction in chiasma frequency can be attributed to increase in rod 
bivalent and univalents. The frequency of above increased with the 
level of mutagens and caused a reduction in regular chromosome 
pairing. This reduction in chromosome pairing has also been 
attributed to mutations in the genes governing homologous 
chromosome pairing and chromosomal structural changes (Acharia 
and Sinha, 1975; Reddy and Annadurai, 1992). 
Multivalents: 
In the present investigation, multivalents were recorded in low 
frequency in 0.3% EMS, 30 KR gamma rays and m combination 
treatments. Multivalent formation as induced by gamma rays and 
chemical mutagens has also been reported by many workers 
(Raghuvanshi and Singh, 1974 in Trigonella foenum-graecum; Dixit 
and Dubey, 1986 in lentil; Jayabalan and Rao, 1987 in Lycopersicon 
esculentum; Reddy et ai, 1991 and Reddy et ai, 1992 in lentil, Anis 
and Sharma, 1997 in chilli; Anis and Wani, 1997 in Trigonella 
foenum-graecum; Zeerak,1992 in Lycopersicon esculentum ; Singh et 
al., 1999 in Vigna radiata). 
The multivalent formation may be due to the breakage in 
chromosomes and their reunion through reciprocal translocations 
(Shastry and Ramaiah, 1961) According to Lea (1955) and Srivastava 
(1979) broken ends of the chromosomes when fused at random may 
bring about unequal changes making up the muUivalents. 
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Zeerak (1992) and Vandana et al, (1996) attributed the 
multivalent formation to irregular pairing and breakage followed by 
translocations and inversions. Singh et al, (1999) concluded that 
mutagenesis resulted in structural alterations leading to 
rearrangements of chromosomes and suggested that mutagen induced 
translocations and possibly inversions might be involved in formation 
of ring multivalents. 
Univalents; 
In the present investigation, the number of univalents ranged 
from 2 to 4 at metaphase I. The univalents have also been noticed by 
many workers in various plants treated with mutagens (Sree Ramulu, 
1971 m Sorghum; Kalloo, 1972 in Pisum; Raghuvanshi and Singh, 
1974 in Trigonella foenum-graecum; Jayabalan and Rao, 1987 in 
Lycopersicon esculentum; Rao et a/., 1990 in pearl millet; Reddy et 
ai, 1991 in barley and wheat; Zeerak, 1992 in tomato; Ahmad, 1993 in 
chickpea; Kaul and Nirmala, 1993 in Pisum sativum ; Anis and 
Sharma, 1997 in chilli; Anis and Wani, (1997)in Trigonella foenum-
graecum; Anis et al, 2000 in Capsicum annuum. 
The occurrence of univalents at metaphase I, and there random 
distribution on spindle and the formation of micronuclei seems to be 
the outcome of some disturbance during pairing of homologous 
chromosomes. These univalents were later on found as laggards at 
anaphase I and telophase I. Appearance of univalents indicated the 
non pairing or early separation of chromosomes at the early or late 
stages of meiotic division respectively (Kalloo, 1972). Mutagen 
induced structural changes in chromosomes and gene mutations might 
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be responsible for the failure of pairing among homologous 
chromosomes and hence the presence of univalents. Kaul and Nirmala 
(1993) reported that univalents occur due to asynapsis or desynapsis, 
where univalency is complete, asynapsis is presumed and where 
univalency is partial, desynapsis is inferred. 
Stickiness: 
The frequency of stickiness increased with increasing 
doses/concentrations of mutagens in the present study and it was 
found to be more in combined treatments as compared to the 
individual treatments. This result has also been supported by 
Jayabalan and Rao (1988) and Venkateswarlu et a/.,(1988). 
Stickiness of chromosomes at diakinesis and metaphase I 
affected the normal disjunction of chromosomes at anaphase I 
adversely and has been reported by a number of workers such as 
Sudhakaran (1971);Lal(1978);Tara:(1980); Reddy and Rao(1982); 
Jayabalan and Rao 1987); Das and Roy (1989); Myers et 
fl/.,(1992);Zeerak (1992); Ahmad (1993); Vandana(1993); Anis and 
Sharma(1997); Anis and Wani (1997). 
Radiation induced chromosome stickiness has been reported to 
be the result of partial dissociation and altered pattern of organization 
of nucleoprotein.( Katiyar, 1978 and Myers et al., 1992). Katiyar 
(1978); Rao and Laxmi(1980) and Jayabalan and Rao (1987) 
reported that stickiness at meiosis was due to the disturbances in 
cytochemically balanced reactions by the secondary effect of radiation 
and mutagens. Sticky meiosis in tomato as reported by Zeerak (1992) 
-^l^^so^been/reported by Rao and Rao (1977) which according to 
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them is the manifestation of a dominant gene mutation induced by 
mutagens. 
Stickiness may be due to de polymerization of DNA on the 
surface of the chromosomes which is rendered more fluid by the 
treatment. Gaulden (1987) postulated that the stickiness may result 
from defective functioning on one or two types of specific non-histone 
proteins involved in chromosome organization which are needed for 
chromatid separation and segregation. The altered functioning of these 
proteins leading to stickiness is caused by mutation in structural genes 
coding for them (hereditary stickiness) or by the direct action of 
mutagens (induced stickiness). However, stickiness disappears 
gradually and the chromosomes individualize through anaphase I. 
Precocious separation of chromosomes; 
The precocious separation of chromosomes at metaphase I as 
foimd in the present and investigation in treated cells has also been 
reported by a number of workers in different plants. (Lai (1978) in 
Pennisetum typhoides, Tarar and Dnyansagar (1979) in Turner a 
ulmifolia, Dixit and Dubey (1986) in lentil, Das and Roy (1989) in 
Solarium and Anis and Wani (1997) in Trigonella foenum-graecum) 
The univalents separating precociously seemed to be as a result 
of desynapsis (Bose and Saha,1970); precocious chiasmata 
terminalization (Kaul and Nirmala, 1993) or due to the failure of 
chiasma formation in pairs(Roy et al., 1971). Rao et al, 1990, stated 
that the gene for stickiness was responsible for precocious chiasma 
release in pearl millet. 
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The PMCs with precocious separation of chromosomes 
predominantly observed in all mutagen treatments showed normal 
disjunction as it did not give rise to unequal segregation of univalents. 
According to Lai (1978), these univalents could be the result of 
desynapsis as the daughter halves which could be oriented tow£irds 
opposite poles were visibly connected by terminalized chiasmata. 
The univalents disjuncting earlier at metaphase I happened due 
to genie disturbances and such chromosomal divergences in the form 
of precocious movement pointed towards structural differences of 
homologous pair. It appears that precocious separation of 
chromosomes in present study might have resulted either due to 
disturbed homology of chromosome pairing or disturbed spindle 
mechanism. 
Bridges: 
The appearance of chromatin bridges with or mostly without 
fragments at anaphase and telophase stages as observed in present 
study have also been observed by Raghuvanshi and Singh (1974) in 
Trigonella foenum-graecum, Lai (1978) in Pennisetum typhoides. 
Dixit and Dubey (1986) in lentil, Das and Roy (1989) in Sorghum, 
Reddy et al, (1991) m barley and wheat, Reddy and Annadurai 
(1992) in lentil, Reddy et al, (1992) in lentil, Vandana(1993) and 
Vandana et al, 1996 in Vicia faba, Anis and Wani (1997) in 
Trigonella foenum-graecum, and Anis et al, 2000 in Capsicum 
annum. 
In the present experiment, the occurrence of bridges with or 
without fragments can be attributed to the general stickiness of the 
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chromosomes at metaphase stage or breakage and reunion of 
chromosomes 
The bridges without fragments seem to have been formed from 
the failure of terminalization in bivalent and the chromosomes having 
stretched between the poles or stickiness of the chromosome ends. 
Thomas (1961) observed that in some cells interstitial chiasmata in the 
translocated chromosomes failed to complete terminalization which 
resulted into bridges without fragments at anaphase. Bora, 1961 
observed that the absence of fragments from bridges could be due to 
smalbiess of fragments which disappeared in earlier divisions or 
originated from the achromatic portions. 
Bridges with fragments may be due to paracentric inversions 
(Kalloo, 1972; Sinha and Godward ,1972 and Katiyar ,1978). 
Chromatin bridge on the basis of crossing over within an inversion 
was also reported by Zeerak(1992). 
Laggards; 
The occurrence of laggards as noticed in the present study were 
also reported in different crops by various workers such as 
Sudhakaran (1971) in Vinca rosea, Raghuvanshi and Singh (1974) in 
Trigonella foenum-graecum, Lai (1978) in Pennisetum typhoides, 
Mishra and Raghuvanshi (1988) in Trigonella foenum-graecum, 
Reddy (1991) in barley and wheat, Reddy et al., (1992) in lentil, 
Vandana(1993)and Vandana et al., 1996 in Vicia faba, Anis and 
Wani (1997) in Trigonella foenum-graecum ,Singh et al., 1999 in 
Vigna radiata and Anis et al, 2000 in Capsicum annum. 
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Laggards may be formed due to delayed terminalization or due 
to stickiness of chromosomes end. According to Kalloo (1972), Tarar 
and Dnyansagar(1980) and Das and Roy (1989) laggards appear 
because the spindle fibers fail to carry respective chromosomes to 
polar regions due to the effect of mutagens. 
In the present material, laggards might have resulted due to 
delayed terminalization, stickiness of chromosome ends, failure of 
chromosome movement or due to discrepancies in spindle formation. 
Unequal separation of chromosomes: 
At anaphase I, instead of expected 8:8 distribution of 
chromosomes unequal distribution of chromosomes 7:9 was observed 
in some concentrations but in low frequency. 
Unequal disjunction of chromosomes at anaphase I may arise 
due to early or delayed separation of bivalents or movement of one 
chromosome of a quadrivalent to one pole and the remaining three to 
the other or the bivalent may fail to disjoin and move as a whole to 
one of the poles. Similar anomaly has also been observed by various 
workers (Lai, 1978 in Pennisetum typhoides; Reddy and Rao, 1982 in 
chilli; Dixit and Dubey, 1986 in lentil; Venkateswarlu et al, 1988 in 
Catharanthus; Kaul and Nirmala, 1993 in Pisum sativum). The 
disturbed spindle mechanism and stickiness of chromosomes may also 
result in unequal separation. 
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Pollen fertility: 
Pollen fertility is an index of meiotic behaviour of 
chromosomes. Greater the abnormality in the behaviour of 
chromosomes greater will be the sterility of pollen grains. 
In the present investigation, pollen fertility decreased with the 
increasing concentrations of mutagens. Similar decreasing fertility has 
been reported earlier by Singh and Roy (1971) in Trigonella foenum-
graecum, Sinha and Godward (1972) in Lens culinaris, Krishna et al., 
(1984) in rhodes grass, Jayabalan and Rao (1987) in Lycopersicon 
esculentum, Ignacimuthu and Babu (1988) in urd and mungbeans, 
Reddy (1991) in barley and wheat, Reddy and Annadurai (1992) in 
lentil, Reddy et al, (1992) in lentil, Anis and Wani (1997) in 
Trigonella foenum-graecum, Vandana and Dubey (1998) in Vicia 
faba, Anis et al., 2000 in Capsicum annum, Radiation induced 
sterility has been attributed mainly to the chromosomal irregularities 
(Konzak et al., 1961). Bora et al., 1961 are of the opinioh that the 
high pollen sterility is due to inversion and other chromosomal 
abnormalities such as non-orientation at metaphase II and laggards at 
anaphase II. 
The high pollen sterility and the low frequency of visible 
meiotic abnormalities in case of EMS treatment of seeds in barley was 
attributed by Sato and Gaul (1967) to small undetectable deletions or 
gene mutations. According to them though a part of these deficiencies 
and gene mutations may be eliminated, some part may pass through 
the sieve of meiosis and cause sterility in offspring. 
In the present investigation it was observed that the plants 
raised from mutagenic treatment i.e. gamma rays or EMS treated 
seeds had high pollen sterility. The pollen sterility was higher with a 
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corresponding increase in the dosage of mutagen. The pollen sterility 
induced by EMS was more than that caused by gamma rays whereas 
the meiotic irregularities as evidenced were less in plants raised from 
EMS treatments than in the case of irradiation. This indicates that 
EMS is more effective in causing sterility than gamma rays. Similar 
observations were also recorded by Tarar and Dnyansagar (1979) in 
Turnera ulmifolia. However, visible meiotic irregularities induced by 
EMS were less than those caused by ganmia irradiation. 
This tends to suggest that undetectable meiotic aberrations, 
probably cryptic deletions as suggested by Sato and Gaul (1967), 
might be the reason for high sterility with EMS treatments, whereas 
since the visible meiotic irregularities were higher in plants raised 
from irradiated seeds, the radiation induced sterility might be chiefly 
due to detectable chromosomal aberrations. Combined treatments 
induced sterility than the individual treatments, similar to the findings 
of Kumar et al, 1993 in faba bean, Arumugam et al, 1997 in barley, 
Zeerak 1992 in tomato. 
Sinha and Godward (1972), Krishna et al, (1984) and Zeerak 
(1992) considered that the meiotic abnormalities are responsible for 
pollen sterility because meiosis is more prone to any conceivable type 
of disturbances. Reddi and Rao (1982) found that the presence of 
laggards, stickiness, univalents and micronuclei are closely associated 
with sterility. Jayabalan and Rao (1987) considered that the pollen 
sterility which is proportional to dosage, seems to be cumulative 
effects of various abnormal meiotic stages observed together with 
some physiological and genetic damages induced by breakage of 
chromosomes. 
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Summary 
1. The present investigation deals with the effect of gamma rays, 
ethylmethane sulphonate and their combination treatments on various 
parameters like seed germination, seedling growth, morphology, 
meiotic abnormalities, pollen fertility and yield of Trigonella foenum-
graecum and Trigonella corniculata in M] generation. 
2. Seed germination, seedling growth and other morphological 
characters like plant height, number of branches per plant, number of 
nodes per plant, number of pods per plant, length of pods and number 
of seeds per pod were adversely affected in higher concentrations of 
mutagens whereas the lower concentrations exhibited stimulatory 
effect on these parameters. 
3. The effect of mutagens on meiotic chromosomes v^ as studied. The 
chiasma frequency (per cell and per bivalent) generally decreased 
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with an increase in concentration of mutagens with some exception 
where it slightly increased as compared to lower doses. 
4. The different types of meiotic abnormalities like multivalents, 
univalents, precocious separation, stickiness, bridges, laggards and 
unequal disjunction of chromosomes were recorded and their 
frequencies increased with increasing concentrations of mutagens. 
5. Pollen fertility and seed weight showed a dose dependent decrease 
with different mutagens. 
6.The data recorded was subjected to statistical analysis to find out the 
level of coefficient of variation and standard deviation in control and 
treated populations. 
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